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DESIGN AND DEVELOPMENT OF AN ELEVATING 
STRETCHER TROLLEY
by
Sara L.  Cox B . A . ( H o n s )  I n d u s t r i a l  Desi gn
ABSTRACT
The t h e s i s  d e s c r i b e s  t he  i n f o r m a t i o n  sear ch and d e v e l o p ­
ment of  a new de s i g n  f o r  an e l e v a t i n g  s t r e t c h e r  t r o l l e y .
The p r o j e c t  was sponsor ed by F.W.  Equipment  C o . ,  L t d .  o f  
B r a d f o r d  who r e q u i r e d  a new des i gn f o r  t h e i r  e x i s t i n g  
s t r e t c h e r  t r o l l e y  t h a t  has been on t he  mar ket  f o r  t he  
l a s t  t en  y e a r s .
The i n f o r m a t i o n  sear ch p e r i o d  c o n s i s t e d  of  t he  i d e n t i f i ­
c a t i o n  of  a s u i t a b l e  method of  i n f o r m a t i o n  c o l l e c t i o n .
Th i s  i n v o l v e d  v i s i t s  t o  ambulance s t a t i o n s  t o  q u e s t i o n  
ambul ance crews and obser ve  t he t r o l l e y  d u r i n g  u s e ,  where  
p o s s i b l e .  The i n f o r m a t i o n  g a t h e r e d  d u r i n g  t h e s e  v i s i t s  
was a n a l y s e d  w i t h  emphasis on t he  ergonomic p r i o r i t i e s  
and used t o  produce a per f or mance  s p e c i f i c a t i o n  a g a i n s t  
which both t he  e x i s t i n g  and t he  new des i gn cou l d  be 
eva l u a t e d .
The des i gn  deve l opment  compr i sed i d e n t i f i c a t i o n  of  
de s i g n  p r i o r i t i e s  t h a t  enabl ed t he  complex s t r u c t u r e  t o  be 
s e p a r a t e d  i n t o  r e l a t e d  components w i t h i n  t he  whol e  c o n t e x t  
of  t he  d e s i g n .  T h i s  was f o l l o w e d  by t he  g e n e r a t i o n  of  
i deas  f o r  s o l u t i o n  t o  t h e  probl ems i d e n t i f i e d ,  d e v e l o p ­
ment o f  v i a b l e  s o l u t i o n s  t o  mock-up l e v e l  and t h e  d e v e l o p ­
ment o f  a f i r s t  p r o t o t y p e .  The second p r o t o t y p e  was 
deve l oped f rom t he  f i r s t  i n c o r p o r a t i n g  t he  i mprovement s  
and des i gn  changes a r i s i n g  f rom t he  e v a l u a t i o n  of  t h i s .
A h a n d l i n g  e v a l u a t i o n  o f  t he  second p r o t o t y p e  and 
s u g g e s t i o n s  f o r  a p r o d u c t i o n  model  concl ude t h e  p r o j e c t .
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ACKNOWLEDGEMENTS
The a u t h o r  wi shes t o t hank t he  f o l l o w i n g  f o r  t h e i r  
a s s i s t a n c e  d u r i n g  t h i s  r e s e a r c h  p r o j e c t .
Mr .  G. Cockerham B. En g ,  M . P h i l ,  C. Eng,  M . I . M e c h . E  f o r
h i s  o v e r a l l  gu i danc e  and s y m p a t h e t i c  
s u p e r v i s i o n  and p a r t i c u l a r  h e l p  w i t h  
mecha n i c a l  p r o b l e ms .
Mr .  G. Wi l son  D i p . A D ,  M. Des.  RCA f o r  h i s  a s s i s t a n c e  w i t h
t he  d e s i g n .
Mr .  J .  M i t c h e l l  M. Sc ,  B . A,  MSCP f o r  h i s  a s s i s t a n c e  w i t h
t h e  er gonomi cs and i n f o r m a t i o n  sear ch
met hods .
Mr .  T.  Coward M. DEs.  RCA, MSIAD.
Mr .  L.  H a r r i s  o f  F.W.  Equipment  C o . ,  L t d .  f o r  i n s t i g a t i n g
t h e  p r o j e c t  and s u p p o r t i n g  i t  d u r i n g  i t s  
p r o g r e s s .
Mr .  J .  Evans ,  Works Manager ,  F.W.  Equi pment  C o . ,  L t d . ,
f o r  h i s  a s s i s t a n c e  i n  o b t a i n i n g  
i n f o r m a t i o n  on p r o d u c t i o n  methods and 
m a t e r i a l s  and b u i l d i n g  P r o t o t y p e  2 .
Dr .  R.  Snook MD, Royal  U n i t e d  H o s p i t a l ,  Bat h f o r  h i s
he l p  and a d v i c e  i n  p r o v i d i n g  i n f o r m a t i o n .
Mr .  C. Hayne ,  D i s t r i c t  P h y s i o t h a r a p i s t ,  Derby Royal
I n f i r m a r y  f o r  h i s  a s s i s t a n c e  i n  a r r a n g ­
i ng v i s i t s .
A l l  ambul ance crews p a r t i c u l a r l y  t hose  at  Ambulance  
S t a t i o n  A who a l l o w e d  me t o  t r a v e l  w i t h  them d u r i n g  t h e i r  
wor k.
S t a t i o n  O f f i  c e r s .
T r a i n i n g  O f f i c e r s ,  p a r t i c u l a r l y  Mr .  Cave o f  South Y o r k ­
s h i r e  M e t r o p o l i t a n  Ambulance S e r v i c e .
G r a t i t u d e  i s  a l s o  expr essed t o  J e f f  o f  B r a d f o r d  f o r  
making many o f  t h e  p a r t s  f o r  P r o t o t y p e  2 and Mr .  R.  
S i d e b o t t o m ,  t e c h n i c i a n ,  S h e f f i e l d  C i t y  P o l y t e c h n i c  f o r  
c o mp l e t i n g  t h e  P r o t o t y p e  ready f o r  t he  h a n d l i n g  e v a l u a t i o n .
F i n a l l y  g r a t i t u d e  must be exp r e ssed  t o  Mrs .  V.  Cox f o r  
t y p i n g  t he  t  hesi  s .
LI ST OF ILLUSTRATIONS
F i g .  1 
2 
3







1 1 ) 
1 2 j 
135
14)













T a b l e  2












R o l l  i n / R o l l  out  t r o l l e y  18
P r o j e c t  t i me  s c a l e  p l an  23
Di agram showing t he  r e l a t i o n s h i p  bet ween
t he  s t ages  29
L i s t  o f  v i s i t s  3 2 / 3 3







• I  i t  i i  ^
56
Probl em Frequency Char t  5 8 / 5 9
Probl ems i n  t he  ambulance 60
' Super  4 '  t r o l l e y  e l e v a t e d  63
" " Ra t che t  mechanism 64
" " Ba ckr es t  66
" " Si de arm swi ngi ng up 68
" " Si de arms up 69
" " Car r y  handl e  ex t end ed  71
" " Towing handl e  " 72
" " F o w l e r ' s  p o s i t i o n  75
" " T r e n d e l e n b e r g  p o s i t i o n  77
" suppor t  78
system
" " C . P . R .  p o s i t i o n  gg
L i s t  o f  I l l u s t r a t i o n s  c o n t :
F i g . 41)  86
42)  87
4 3 i  A n a l y s i s  Char t s  -  see r e p o r t  88
44)  89
45)  90
46 Desi gn p l a n  105





Al umi ni um models of  t h e  e l e v a t i n g  112
mechani  sm
50 Al umi ni um model  o f  t h e  e l e v a t i n g
mechanism -  T r e n d e l e n b e r g  113
51)  Model  of  t he  t r o l l e y  us i ng  round s e c t i o n  114
52)
5 3  m  m  i »  i »  i i  i i  i t  1 1 5
54)  " " " " " r e c t a n g u l a r  117
55)  s e c t i o n
S c a l e  model  o f  t he  e l e v a t i n g  mechanism 119
58 F r i c t i o n  d e v i c e  i deas  f o r  t he  e l e v a t i n g  126
mechanism l o c k .
59 " " 127
60 H y d r a u l i c  c i r c u i t  129
61 R a t c h e t  l ock i deas  f o r  e l e v a t i n g  130
mechani  sm
62 P r o t o t y p e  1 be i ng  e l e v a t e d  131
63 " " showing c e n t r e  s l i d e  u n i t  132
64 " " l ower ed 134
65 " " A n t i - T r e n d e l e n b e r g  p o s i t i o n  135
66 " " T r e n d e l e n b e r g  p o s i t i o n  135
67 B a c k r e s t  -  w i t h  t h e  r a t c h e t  f i x e d  t o  t h e
b a c k r e s t  137
68 " -  w i t h  t he  r a t c h e t  f i x e d  t o  t h e
t op  f r a me  138
69 P r o t o t y p e  1 w i t h  t he  b a c k r e s t  up 140
70 B a c k r e s t  showing d e t a i l s  142
71 Wheel  u n i t  mock-up i n  t h e  ambul ance l ock  144
72 P r o t o t y p e  1 w i t h  t he  c a r r y i n g  ha n d l e  147
t e s t  r i g
73 " " w i t h  t he  c a r r y i n g  h a n d l e  148
t e s t  r i g  -  l eg i n t e r f e r e n c e
t e s t
v i i
L i s t  o f  I l l u s t r a t i o n s  c o n t :
F i g -  74 P r o t o t y p e  1 w i t h  t h e  c a r r y i n g  handl e
t e s t  r i g  -  l eg i n t e r f e r e n c e
t e s t
75)  Tes t  r i g  f o r  F o w l e r ' s  p o s i t i o n  us i ng  
76;  l e v e r  a r r angement
77 Tes t  Ri g f o r  t he  s i d e  arms f o l d e d
78 " " " " " " u p r i g h t
79 Rev i s ed  e l e v a t i n g  mechanism l owered
80 ” " " r a i s e d
81 D e t a i l  v i ew of  t he  l ower ed mechanism
82 D e t a i l  v i ew o f  t h e  mechanism i n  t h e
T r e n d e l e n b e r g  p o s i t i o n
83 P r o t o t y p e  2 deve l opment  l owered p o s i t i o n
84 F r i c t i o n  d e v i c e  used i n  h o s p i t a  I t r o I  l ey
85 Ce n t r e  u n i t  as a f r i c t i o n  s l i d e





Re l e a s e  mechanism f o r  e l e v a t i n g  system
89 F o w l e r ' s  p o s i t i o n  -  t o g g l e  mechanism
90 " " -  d e v e l o p m e n t - o p e r a t i o n
91 " " -  d e v e l o p me n t -  i n
pos i t  i on
92 " " on P r o t o t y p e  2 d u r i n g
deve l opment
93 T r e n d e l e n b e r g  p o s i t i o n  d u r i n g
deve l opment
94 " " o p e r a t i o n
95)  " " P r o t o t y p e  2
96)  deve l opment
97 " " t h e  o p e r a t i n g
push bar
98 Wheel  u n i t  -  wooden model  
" " -  c a s t i n g s
101)  P r o t o t y p e  2 -  deve l opment  o f  b a c k r e s t
1 02 )
103 " " -  d e t a i l  v i ew of  b a c k r e s t
r a t c h e t
104)  H y p e r - e x t e n s i o n  f e a t u r e  -  wooden cam
105)  model
106 " " " -  wooden cam




























v i i i
L i s t  o f  I l l u s t r a t i o n s  co n t :  










































H y p e r - e x t e n s i o n  f e a t u r e  -  wooden cam
devel opment
" " " s i m p l i f i e d
cr ank
wi t h  p l a t e
" " " i n  ma t t r e s s
P r o t o t y p e  2 -  s i d e  arm u n i t  -
deve l opment
" " s i d e  arms
,, „ deve l opment  -  h i nge
c a s t i n g  and handl e
" " F i n a l  de s i g n
" " F o w l e r ' s  p o s i t i o n
" " i n  ambul ance
" " showi ng t h e  f e a t u r e s
" " b e i ng  e l e v a t e d
" " o p e r a t i n g  t h e  b a c k r e s t
" " o p e r a t i n g  t h e  F o w l e r ' s
p o s i t i o n
" " o p e r a t i n g  t h e  s i d e  arms
o p e r a t i n g  t h e  h y p e r -
e x t e n s i o n  p o s i t i o n
S t a b i l i t y  t e s t s
F l a t - o v a l  t u b e  shapes
Moul ded s h e e t i n g  on b a c k r e s t






















L i s t  o f  I l l u s t r a t i o n s  c o n t :
F i g .  149 Moul ded s h e e t i n g  f o r  F o w l e r ’ s p o s i t i o n  232
150 S l i d e r s  and s l i d e  s i d e  arm 233
151 Si de  arm a t t a c h me n t  t o  s t r u t s  234
152 Ca r r y  h a n d l e  h i nge  236
153 B a c k r e s t  r a t c h e t  s e c t i o n  237
154 F i n a l  concept  o f  whole t r o l l e y  240
x
1 INTRODUCTION
1. 1 Devel opment  o f  t h e  Ambulance S e r v i c e
1 . 1 . 1  A s t r e t c h e r  i s  d e f i n e d  i n t he  Oxf ord I l l u s t r a t e dtD i c t i o n a r y  ( 1 ) as an obl ong f rame wi t h  h and l es  at  
each end f o r  c a r r y i n g  s i c k  or  wounded per sons  on.  
Though t h i s  remai ns  t h e  b a s i c  f or m,  t h e r e  a r e  many 
t ypes  o f  s t r e t c h e r  a v a i l a b l e  t o d a y ,  some des i gn ed  
f o r  s p e c i f i c  r escue o p e r a t i o n s ,  o t h e r s  f o r  g e n e r a l  
use but  v a r y i n g  i n  t h e i r  c o mp l e x i t y  f rom t h e  s i mp l e  
pol e  and canvas s t r e t c h e r  t o  t he  more v e r s a t i l e  but  
complex whee l ed v e r s i o n s .  However ,  t h e  s o l e  
purpose of  a s t r e t c h e r  remai ns t h a t  o f  e n a b l i n g  
p a t i e n t s  t o  be t r a n s f e r r e d  f rom one p l a c e  t o  
a n o t h e r  w i t h  l ess  d i s c o m f o r t  and r i s k  o f  f u r t h e r  
i n j u r y  t o  t he  p a t i e n t  and b e t t e r  h a n d l i n g  
f a c i l i t i e s  f o r  t he  b e a r e r s  t han would be p o s s i b l e  
wi t h  d i r e c t  h a n d l i n g  p r o c e d u r e s .
1 . 1 . 2  The pr obl em of  moving s i c k  or  i n j u r e d  pe r so ns  has 
e x e r c i s e d  man' s i n g e n u i t y  f o r  c e n t u r i e s  and t he  
e a r l i e s t  f orm of  t r a n s p o r t ,  r ecor ded i n  a n c i e n t  
Egypt  and P e r s i a ,  f o r  t hose  unabl e  or  u n w i l l i n g  t o  
walk or  r i d e  i s  t h e  l i t t e r .  Thi s i s  d e s c r i b e d  i n  
t he  E n c y c l o p a e d i a  B r i t a n n i c a  ( 2 )  as "a p o r t a b l e  bed 
or  couch,  open or  c l o s e d ,  mounted on two p o l e s  and 
c a r r i e d  a t  each end on man' s shoul der s  or  by 
a n i ma l s "  and s u r v i v e d  as t he  main t r a n s p o r t  f o r  s i c k  
or  i n j u r e d  per sons u n t i l  t he  i n t r o d u c t i o n  o f  t he  
wheel ed v e r s i o n  i n  London and Glasgow i n  t h e  l a t e  
1 8 0 0 ' s .  Th i s  d e s c r i p t i o n  of  a l i t t e r  b e a r s  many 
r esembl ances t o  t he  d e f i n i t i o n  of  t he  s t r e t c h e r  
gi ven  above .  A good h i s t o r i c a l  account  of  
a c t i v i t i e s  around t h i s  t i me  i s  g i ven by McDona l d ,  
Bank & Ledingham ( 3 ) .  They found t h a t  f o r  
c e n t u r i e s ,  t r a n s p o r t  o f  t he  s i ck  was an i n d i v i d u a l  
a f f a i r  dependi ng on t h e  p e r s o n ' s  c i r c u ms t a n c e s  and 
f r i e n d s  and i t  was not  u n t i l  t he 1 6 0 0 ' s  when 
epi demi cs  i n London h i g h l i g h t e d  t he  need t o  o r g a n i s e
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t r a n s p o r t  f o r  t hose  a f f l i c t e d  t h a t  t he  ' p e s t  
coaches '  not ed by Samuel  Pepys i n h i s  d i a r y  of  
1665 became t he  f i r s t  r ecor ded  o r g a n i s e d  t r a n s p o r t  
f o r  s i c k  p e r s o n s .  They a l s o  d e s c r i b e d  how i n t he  
e i g h t e e n t h  c e n t u r y  war became t he d o m i n a t i n g  
i n f l u e n c e  on t he  deve l opment  of  c a s u a l t y  t r a n s p o r t  
wi t h  t h e  need t o  move l a r g e  numbers of  i n j u r e d  
f rom t h e  b a t t l e f i e l d  t o  h o s p i t a l s  or  f i e l d  s t a t i o n s .  
Under t he  i n f l u e n c e  of  army sur geons ,  t r a n s p o r t  was 
o r g a n i s e d  a f t e r  t he  B a t t l e  of  Bl enhei m u s i n g  any 
form of  whee l ed v e h i c l e  a v a i l a b l e  f rom t h e  s u r r o u n d ­
ing c o u n t r y s i d e  f o r  t h i s  pur pose .
1 . 1 . 3  From t h i s  rough and r eady s i t u a t i o n  t he  French  
produced t h e  f i r s t  p r o p e r l y  o r g a n i s e d  t r a n s p o r t  
v e h i c l e s  i n  1762 and t h e s e  were c a l l e d  ' h o p i t a l  
a m b i l a n t s '  or  mob i l e  h o s p i t a I s . F u r t h e r  d e v e l o p ­
ments i n  c a s u a l t y  h a n d l i n g  were a t t r i b u t e d  by 
McDonal d,  Bank & Ledingham at  ( 3 )  t o  a French Army 
sur geon.  He t r a i n e d  t he  f i r s t  corps of  f i e l d  
l i t t e r  b e a r e r s ,  and t h i s  was f o l l o w e d  i n 1 7 9 2 ,  when 
Baron L a r r y ,  t h e  surgeon maj or  t o  t he  h o s p i t a l s  of  
the  Rh i n e ,  d ev e l o ped  a l i g h t w e i g h t  ambul ance t r a n s ­
p o r t  t h a t  p r o v i d e d  f a c i l i t i e s  f o r  t r e a t i n g  i n j u r i e s  
on t he  f i e l d  as w e l l  as a means of  e v a c u a t i n g  
c a s u a l t i e s  t o  t he  r e a r  of  t he  b a t t l e f i e l d .
1 . 1 . 4  The nex t  maj or  s t ep  i n  t h e  devel opment  o f  an 
ambulance s e r v i c e  came i n 1 8 6 4 ,  and was a t t r i b u t e d  
by Dr .  Snook ( 4 )  a g a i n  as a r e s u l t  of  w a r ,  when at  
t he  Geneva C o n v e n t i o n ,  wounded s o l d i e r s ,  ambul ance  
s t a f f  and equi pment  were g i ven  t he  p r o t e c t i o n  of  
n e u t r a l i t y .  Th i s  marked t he  s t a r t  o f  t h e  Red Cr oss .
1 . 1 . 5  He saw t he  F r a n c o - P r u s s i a n  war as a f u r t h e r  s t a g e  
i n deve l opment s  w i t h  t he  i n t r o d u c t i o n  of  a hor se  
drawn ambul ance around 187 0 .  Th i s  v e h i c l e  was 
equi pped wi t h  two permanent  s t r e t c h e r s  and cou l d  
a l s o  c a r r y  seven l i g h t l y  wounded.  I t  was f o u n d ,  
however ,  t h a t  t hese  ambul ances were " v e r y  d i f f i c u l t  
t o t u r n  s h a r p l y ,  t he  r o o f s  be i ng made o n l y  of
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canvas d i d  not  wear  w e l l  and t he  permanent  
s t r e t c h e r s  were found t o be d i f f i c u l t  i n  use"  ( 4 ) .  
I mpr ovement s  were suggest ed t h a t  t hese  s t r e t c h e r s  
shoul d  have l a r g e r  handl es  and not  be p e r m a n e n t l y  
f i x e d ,  a v o i d i n g  t he  pr obl em of  moving t h e  wounded 
f rom f i e l d  s t r e t c h e r  t o  t he  ambul ance s t r e t c h e r ,  
e n a b l i n g  t h e  s t r e t c h e r  used in t he  f i e l d  t o be put  
s t r a i g h t  i n t o  t h e  ambul ance .  U n f o r t u n a t e l y  t o d a y ,  
t he  pr obl em of  t he  t r a n s f e r  o f  p a t i e n t s  f rom one 
s i t u a t i o n  t o  a n o t h e r  or  f rom f i e l d  equ i pment  t o  
ambul ance equ i pment  t hen h o s p i t a l  gear  i s  s t i l l  w i t h  
u s .
1 . 1 . 6  By t he  f i r s t  Wor l d War McDonal d,  Bank S Ledi ngham 
at  ( 3 )  f ound t h a t  m o t o r i s e d  ambul ances were coming 
i n t o  use and t h e  ambul ance v e h i c l e  f rom t hen  on 
d e v e l o p e d  as t e c h n o l o g i c a l  advances were made i n
t h e  mot or  v e h i c l e  i n d u s t r y .  However ,  t h e s e  advances  
i n  t h e  t r a n s p o r t  of  t he  wounded were not  r e f l e c t e d  
i n  c i v i l i a n  l i f e  u n t i l  t h e  end of  t he  F i r s t  Wor l d  
War.  I n  t h e  l a t e  1 8 0 0 ' s  hand l i t t e r s  were s t i l l  
i n  use by t h e  p o l i c e  who a t t e n d e d  a l l  s t r e e t  
a c c i d e n t s  and i l l n e s s e s ,  and wheel ed l i t t e r s  came 
i n t o  use i n London i n 1880 and Glasgow i n  1 8 8 2 .
An a t t e mp t  was made t o  form a c i v i l i a n  ambul ance  
s e r v i c e  a t  t h i s  t i m e ,  but  though t he  S t .  Andrews  
A s s o c i a t i o n  i n  Glasgow was f a i r l y  s u c c e s s f u l ,  t h e  
London Home Ambulance S e r v i c e  was n o t ,  p r o b a b l y  
because c a l l i n g  an ambul ance cost  more t han  h i r i n g  
a c a b !
1 . 1 . 7  From t h i s  p e r i o d  u n t i l  t he  f o r ma t i o n  of  t he  N . H . S .  
i t  was not ed  by Dr .  Snook ( 4)  t h a t  o r g a n i s e d  
ambul ance s e r v i c e s  were u s u a l l y  run by v o l u n t a r y  
bod i es  such as t h e  S t .  John ' s  Ambulance S e r v i c e ,
Red Cross and i n  S c o t l a n d  t he  S t .  Andr ew' s  
A s s o c i a t i o n .  These ambul ances c a r r i e d  o n l y  t he  
most b a s i c  equi pment  of  a s i n g l e  s t r e t c h e r  or  
s t r e t c h e r s ,  b l a n k e t s ,  d r e s s i n g s  and s p l i n t s .
1 . 1 . 8  I n  1 9 4 8 ,  S e c t i o n  2 7 ( 1 )  of  t he N . H . S .  Act  1946 ( 5 )
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imposed a dut y  on Local  a u t h o r i t i e s  t o  p r o v i d e  f r e e  
ambul ance t r a n s p o r t .  Lea ( 6 ) f ound t h a t  t h i s  was 
i mpl ement ed by t he  a u t h o r i t i e s  who e i t h e r  p r o v i d e d  
t he  s e r v i c e  t hemse l ves  or  co n t i n u e d  t o  use t h a t  
a l r e a d y  p r o v i d e d  by v o l u n t a r y  bodi es  such as t h e  
Red Cross or  S t .  John ' s  Ambulance S e r v i c e  who t h e y  
a p p o i n t e d  as a g e n t s .  I t  was not  l ong a f t e r  t h i s  
t h a t  h o s p i t a l s  began t o use t he  ambul ance f o r  
g e n e r a l  p a t i e n t  t r a n s p o r t  and not  s o l e l y  f o r  
emergency cases and t o  make i n c r e a s i n g  demands on 
them f o r  out  p a t i e n t s  work.  Thi s  demand has now 
grown t o  t h e  e x t e n t  t h a t  i n 1974 s t r e t c h e r  use 
o n l y  f ormed 9% of  t h e  cases c a r r i e d .
1 . 2  Devel opment  o f  t he  S t r e t c h e r  T r o l l e y
1 . 2 . 1  I n  t he  y e a r s  between 1948 and 1967 each count y  had
i t s  own i n d i v i d u a l  ambulance s e r v i c e  r e s u l t i n g  i n
a l a r g e  v a r i e t y  o f  equi pment  i n  use and no c o m p a t i ­
b i l i t y  bet ween s e r v i c e s .  Then i n  1965 Woodham ( 7 )  
not es  t h a t  a wor ki ng p a r t y  under  t he  c h a i r ma n s h i p  
of  Dr .  E . L . M .  M i l l a r  was set  up by t he  M i n i s t r y  o f  
H e a l t h  t o  a d v i s e  on t h e  equi pment  and t r a i n i n g  o f
s t a f f  i n  t h e  ambulance s e r v i c e s  p r o v i d e d  under  t he
N a t i o n a l  H e a l t h  S e r v i c e  Act  ( 5 ) ,  and t o  g i v e  r e ­
commendat i ons ,  a f t e r  c o n s i d e r a t i o n  of  dev e l o pment s  
i n  t he  f i e l d  of  a c c i d e n t  s u r g e r y ,  on t h e  t r a i n i n g  
of  p e r s o n n e l .  On e x a mi n a t i o n  of  t he  e q u i p me n t ,  
t h e  wor k i n g  p a r t y  l ed by Dr .  M i l l a r  ( 8 ) f ound t h a t  
t h e r e  were f i f t y  d i f f e r e n t  t ypes of  s t r e t c h e r s  i n  
use and s i x t y - t w o  v a r i a t i o n s  on t he  number and 
t ypes  t o  be c a r r i e d  i n an ambul ance.  They not ed  
t h a t  t h i s  v a r i e t y  c r e a t e d  d i f f i c u l t i e s  i n  t he  
t r a n s f e r  of  p a t i e n t s  between ambul ances and d e l a y s  
at  t he  h o s p i t a l  where t h e i r  gear  was not  i n t e r ­
c hangeab l e  w i t h  h o s p i t a l  equ i pment .  They a l s o  
f ound many r equest s  f o r  more s t a n d a r d i s a t i o n  of  
s t r e t c h e r s .
1 . 2 . 2  I n  t h e i r  e x a mi n a t i o n  of  t he  d i f f e r e n t  t ypes  of
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gear  i n use t he  wor k i ng  p a r t y  d i v i d e d  them under  
t h r e e  main h e a d i n g s : -
a)  Gear  f o r  o u t s i d e  L o a d i n g : -  t h i s  e n a b l e d  a 
l oaded s t r e t c h e r  t o  be put  i n t o  or  t a k e n  out  of  
an ambul ance by us i ng  a c r a d l e  on whi ch t he  
s t r e t c h e r  was p l a c e d ,  t hen  t he  whol e  u n i t  swung 
i n t o  t he  ambul ance.  N o r ma l l y  mounted on t he  
near  s i d e  of  t h e  v e h i c l e  t hese  u n i t s  co u l d  not  
be used unl ess  t he  p a t i e n t  was put  ont o  t h e  
s t r e t c h e r  o u t s i d e  t h e  ambul ance .  T h i s  t y p e  o f  
gear  u s u a l l y  had i t s  own p a t e n t  s t r e t c h e r  maki ng  
i t  u n s u i t a b l e  f o r  use w i t h  o t h e r  equ i pment  and 
t he  ambul ance f i t t e d  w i t h  one of  t h e s e  a l s o  had
a f i x e d  s t r e t c h e r  mount i ng on t h e  o p p o s i t e  s i d e  
t hus making use of  two t ypes  of  equ i pment  i n  one 
u n i t .
b) Gear  f o r  i n s i d e  l o a d i n g ; -  t h i s  c o n s i s t e d  of  a 
bench i n s i d e  t h e  ambul ance ont o which a canvas  
p o l e  s t r e t c h e r  cou l d  be f i t t e d .  The r e  were  
u s u a l l y  two i n a v e h i c l e  and t h e y  co u l d  be 
padded i n c r e a s i n g  t h e  c o mf o r t  f o r  a s t r e t c h e r  
p a t i e n t  and making them s u i t a b l e  f o r  c a r r y i n g  
s i t t i n g  p a t i e n t s .  T h i s  ena b l e d  bot h s i d e s  o f  
t he  ambulance t o  be u n t i l i s e d ,  h oweve r ,  i t  was 
nec essa r y  when l o a d i n g  t o  c a r r y  t h e  p a t i e n t  i n t o  
t he  ambulance on a c a r r y  c h a i r  or  s t r e t c h e r ,  
t hen t r a n s f e r  t o  t h e  bench.
c ) Ambulance T r o l l e y s : -  v a r i o u s  t y p e s  were f o u n d ,  
some wi t h  padded t ops t h a t  ser ve  as s t r e t c h e r  
s u p p o r t s ,  beds or  s e a t s .  These e n a b l e d  t he  
p a t i e n t  t o  be c a r r i e d  i n t o  t he  ambul ance on a 
c a r r y  c h a i r  or  s t r e t c h e r  t hen t r a n s f e r r e d  as 
above and t hey  p r o v i d e d  t h e  a d d i t i o n a l  f a c i l i t y  
t h a t  t he  t r o l l e y  cou l d  be t a k e n  t o  t he  p a t i e n t  
who was p l aced  d i r e c t l y  on i t  and r e t u r n e d  t o  
t he  ambulance f o r  l o a d i n g  and s e c u r i n g  ( 8 ) .
1 . 2 . 3  The wor k i ng p a r t y  went  on t o  e xa mi ne ,  by
d e mo n s t r a t i o n  and d i s c u s s i o n  w i t h  ambul ance o f f i c e r s ,
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t he  t h r e e  t ypes  of  equi pment  above and f ound t h a t  
wi t h  "Gear  f o r  o u t s i d e  l o a d i n g "  t he d i s a d v a n t a g e s  
out we i gh ed  t he  adv ant ages  c o n s i d e r a b l y ,  whereas  
w i t h  "Gear  f o r  i n s i d e  l o a d i n g "  and "Ambul ance  
T r o l l e y s "  t h e  s i t u a t i o n  was r e v e r s e d -  I n  c o n s i d e r ­
a t i o n  o f  t h e s e  two t ypes  of  equipment  t h e y  found  
t h a t  Ambulance T r o l l e y s  o f f e r e d  g r e a t e r  f a c i l i t i e s  
f o r  bot h p a t i e n t  c o mf o r t  and han d l i ng  and t h e i r  
r ecommendat i ons f o r  t h e i r  use were as f o l l o w s : -
" Wi t h  p r o p e r  d e s i g n ,  d i s a d v a n t a g e s  ( 1 )  and ( 2 )  
above a t t e n d a n t  on ambul ance t r o l l e y s  cou l d  be 
e l i m i n a t e d ;  i f  used w i t h  pol e  and canvas  
s t r e t c h e r s  which we recommend t r o l l e y s  cou l d  
t hen  p r o v i d e  most  of  t he  a dv ant ages ,  w i t h  few 
of  t h e  d i s a d v a n t a g e s ,  o f  o t h e r  t ypes of  
s t r e t c h e r  gear  -  and a d d i t i o n a l  adv ant ages  
which a r e  c o m p l e t e l y  beyond t he  scope of  t h e s e  
o t h e r  t y p e s -  They shoul d  t h e r e f o r e  be 
de v e l o p e d  as s t a n d a r d  equi pment  f o r  a l l  
a mb u l a n c e s . "
Not e :
( 1 ) r e f e r s  t o  t h e  danger  of  una t t en d e d  t r o l l e y s  
r unn i ng  away d o w n h i l l  un l ess  s a f e t y  d e v i c e s  a r e  
i n c o r p o r a t e d -
( 2 ) r e f e r s  t o  t h e  means of  l o c k i n g  t h e  t r o l l e y  
i n t o  t he  ambul ance body.
1 - 2 . 4  T h i s  r e p o r t  was i mpl ement ed t hrough t he  Ambulance  
S e r v i c e  A d v i s o r y  Commi t t ee CASAC).  I t  was s u p e r ­
seded i n  1 9 7 4 , d u r i n g  t he  r e p r g a n i s a t i o n  of  t h e  
N a t i o n a l  H e a l t h  S e r v i c e ,  by t he  N- H- S-  Suppl y  
Branch a d v i s e d  by t he  Ambulance S e r v i c e  P u r c h a s i n g  
A d v i s o r y  Group ( 7 ) .  T h i s  i s  t he  backgr ound t o  t he  
Ambulance S e r v i c e  t o d a y ,  and t he r ecommendat i ons  
t h a t  t h e  M i l l a r  r e p o r t  and t he  Ambulance A d v i s o r y  
Commi t t ee ( 9 )  made t h e n ,  form t he  c r i t e r i a  
summar i sed b e l ow,  a g a i n s t  which a l l  t r o l l e y s  
p r e s e n t l y  i n  use or  c o n s i d e r e d  f o r  use by t h e  
Ambulance S e r v i c e  a r e  e v a l u a t e d .
1 . 2 . 5  The A . S . A . C .  r ecommendat i ons ( Appendi x A) g i v e  a 
broad s p e c i f i c a t i o n  a g a i n s t  which ambul ance  
s t r e t c h e r  t r o l l e y s  can be e v a l u a t e d .  I t  i s ,
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however ,  based on a f i x e d  he i g h t  t r o l l e y  and not  
on t he  e l e v a t i n g  model .  I t  covers t h e  g e n e r a l  
r e q u i r e m e n t s  o f  use w i t h  o t h e r  equi pment  and i n  
t h e  ambul ance ,  t h e  m a t e r i a l s  and o v e r a l l  d i me n s i o n s  
of  t he  f r a me ,  and t he  s t r u c t u r e  i n r e l a t i o n  t o  use 
t o  a v o i d  damage bot h i n  and out  of  t he  ambul anc e .
I t  goes on t o  cover  s p e c i f i c  f e a t u r e s  such as t h e  
a d j u s t me n t  o f  t h e  b a c k r e s t  and t he  d r a i n a g e  p o s i t i o n  
and t he  shape o f  t h e  m a t t r e s s .  P a t i e n t  s a f e t y  on 
t he  t r o l l e y  i s  cover ed  by t he recommendat i on o f  t h e  
use of  guar d  r a i l s  and s a f e t y  b e l t s ,  and s a f e t y  o f  
t he  t r o l l e y  i n  t he  ambulance by t he s u g g e s t i o n  o f  
l o c k i n g  d e v i c e s  t o  f i t  i n t he ambulance body .  I t  
a l s o  sug gest s  t h e  use of  f o o t  brakes on t h e  whee l s  
o f  t h e  t r o l l e y .  T h i s  s p e c i f i c a t i o n  i s  v e r y  
g e n e r a l  r e f e r r i n g  t o  t he  f e a t u r e s  needed t o  o b t a i n  
t h e  r e q u i r e d  pe r f o r ma n c e  i n  a s t r e t c h e r  t r o l l e y  
making i t  s u i t a b l e  f o r  ambulance use w i t h i n  t h e  
N a t i o n a l  H e a l t h  S e r v i c e .
1 . 3  The S t r e t c h e r  T r o l l e y
1 . 3 . 1  Dur i ng  t h e  t en  y e a r s  t h a t  t he  s t r e t c h e r  or  ambul ance  
t r o l l e y  has been i n u se ,  equipment  i n t h e  Ambul ance  
S e r v i c e  has become more s t a n d a r d i s e d  a l l o w i n g  some 
i n t e r c h a n g e  w i t h  h o s p i t a l  equipment  ( t h e  s t r e t c h e r  
c a r r i e s  a gr een sheet  t h a t  can be t r a n s f e r r e d  t o  a 
h o s p i t a l  t r o l l e y  and r e p l a c e d  by one f rom t he  
h o s p i t a l  t r o l l e y ) .  I t  a l s o  a l l o ws  t he  s u p p o s i t i o n  
of  f u l l  i n t e r c h a n g e a b i l i t y  of  t r o l l e y s  bet ween  
ambul ances i n  case of  maj or  d i s a s t e r .  T h i s  i n t e r ­
c h a n g e a b i l i t y  has become a maj or  c o n s i d e r a t i o n  i n  
t he  d e s i g n  of  t r o l l e y s  t oday i n response t o  t h e  
need t o  p r o v i d e  f o r  t he  p o s s i b i l i t y  o f  a l a r g e  
s c a l e  d i s a s t e r ,  such as a maj or  r a i l  or  a i r  c r a s h ,  
where f l e e t s  o f  ambulances f rom d i f f e r e n t  a r e a s  
would be m o b i l i z e d .  I n  t h i s  s i t u a t i o n  a non­
s t a n d a r d  t r o l l e y  would cause d e l a y  in t h e  e v a c u ­
a t i o n  of  t he  i n j u r e d  i f  i t  could onl y  be used i n a 
p a r t i c u l a r  ambul ance ,  whereas a s t a n d a r d  t r o l l e y
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Fig. 1
The r o l l - i n ,  r o l l - o u t  t r o l le y  being loaded in to  an adapted ambulance. Note the 
steep angle o f the t r o l l e y  while loading.
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would be a c c e p t a b l e  by a l l -
1 . 3 . 2  An o t h e r  f a c t o r  t h a t  i n f l u e n c e d  t he  c h o i ce  of
s t r e t c h e r  t r o l l e y  f o r  ambul ances was t h e  i n c r e a s ­
i ng use o f  t he  ambul ance t o  t r a n s p o r t  p a t i e n t s  t o  
and f rom o u t p a t i e n t  d e p a r t m e n t s .  The t r o l l e y  
a l l o w e d  t h e  ambul ance t o  be u t i l i s e d  as a dua l  
pur pose v e h i c l e  by p r o v i d i n g  a padded bench t y p e  
s ea t  t o  accommodate 3 or  4 s e a t e d  persons or  a bed 
f o r  one p e r s o n .  However ,  t h i s  dua l  pur pose has 
l ed t o  many probl ems because such an a r r an g e men t  
must depend on compromi se r e s u l t i n g  i n i n a d e q u a t e  
space f o r  a t t e n d i n g  t o  an emergency case -  i t  i s  
v e r y  d i f f i c u l t  t o  a d m i n i s t e r  mouth t o  mouth 
r e s c u s i t a t i o n  and c a r d i a c  massage wi t h  bot h  
a t t e n d a n t s  wor k i ng  on t h e  same s i d e  of  t h e  t r o l l e y  -  
and an u n s u i t a b l e  a r r an g e men t  of  s e a t i n g  f o r  
s i t t i n g  c a s e s ,  many o f  whom f e e l  i l l  when t r a v e l l ­
i ng i n  a s i deways f a c i n g  p o s i t i o n .  R o c k e l l  ( 1 0 )  
s t a t e s  t h a t  t he  p r e s e n t  t r o l l e y  and s e a t i n g  a r r a n g e ­
ments make n u r s i n g  d u r i n g  t h e  j o u r n e y  d i f f i c u l t  as 
t h e  a t t e n d a n t  has t o  s i t  on t h e  o p p o s i t e  t r o l l e y  
or  e l s e  on a s t o o l - l i k e  s e a t  a t t a c h e d  t o  t h e  
p a t i e n t ' s  t r o l l e y .  N e i t h e r  o f  t hese  p r o v i d e s  
a d e qua t e  sup por t  or  r e s t r a i n t  d u r i n g  a j o u r n e y  
t h a t  may be t aken  at  h i gh speeds .  He f u r t h e r  
s t a t e s  t h a t  t he  use o f  t r o l l e y  s t r e t c h e r s  has l ed  
t o . a n  i n c r e a s e  i n  back i n j u r i e s  due t o  t h e  i n ­
c r ea sed  we i g h t  and t h e  g r e a t e r  d i f f i c u l t y  t h a t  
crews e x p e r i e n c e  i n l o a d i n g  and u n - l o a d i n g  t he  
l aden s t r e t c h e r  t r o l l e y .  Snook ( 11 )  not es  t h a t  
i n  a sur ve y  of  28 ambul ance men,  n i ne  had t o  be o f f  
work w i t h  backache f o r  p e r i o d s  of  one t o  s i x t e e n  
weeks t o t a l l i n g  52 weeks i n  t he  pas t  f i v e  y e a r s ,  
however ,  he a t t r i b u t e s  t h i s  not  t o  t he  use of  
t r o l l e y s  but  t o  t he  de s i g n  of  t he  ambul ance and t h e  
h e i g h t  of  t he  l o a d i n g  p l a t f o r m .  Un d o u b t e d l y ,  
u n l ess  t he  r o l l - i n / r o l l - o u t  t r o l l e y  as shown i n  
F i g .1 i s  used,  t h i s  w i l l  r emai n a probl em u n t i l  t he  
ambul ance i s  r e d e s i g n e d  t o  accommodate e a s i e r
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l o a d i n g  f a c i l i t i e s .  R o l l - i n / r o l l - o u t  t r o l l e y s  
have been t r i e d  but  pr oved u n s u i t a b l e  f o r  t h e  t ype  
of  ambul ance w i t h  i n t e r n a l  wheel  a r c h ,  t h a t  a r e  
used i n B r i t a i n .  As F i g . 1 shows,  t he  t r o l l e y  needs  
t o  be r o l l e d  up ont o  a ramp over  t he  wheel  ar ch  
l e a v i n g  i t  on a s l o p e  and u n s u i t a b l e  f o r  s i t t i n g  
cases because of  t h i s  and i t s  low h e i g h t .  T h i s  
t ype  of  t r o l l e y  a l s o  r e q u i r e s  c a r e f u l  h a n d l i n g  as 
i t  i s  e a s i l y  f o l d e d  a c c i d e n t a l l y  as o b s e r v e d  by 
a s s i s t a n t  nur se  and ambul ance d r i v e r  ( 1 2 ) and i s  
n o r m a l l y  o f  f i x e d  h e i g h t  because of  t h e  v e r y  
c o mp l i c a t e d  mechanism r e q u i r e d  t o  p r o v i d e  bot h  
v a r i a b l e  h e i g h t  and f o l d i n g  l e g s .
1 . 3 . 3  There  i s  l i t t l e  i n f o r m a t i o n  a v a i l a b l e  on t h e  a c t u a l
usage o f  t h e  t r o l l e y  t hough r e s e a r c h  by Dr .  R.
Snook ( 11 )  has been u n d e r t a k e n  on t he  e f f e c t  o f  t h e  
ambul ance r i d e  on a p a t i e n t ,  and on t h e  use o f  a 
' f l o a t i n g  s t r e t c h e r '  t o  i mprove r i d e  i n  v i ew of  t h e  
u n l i k e l y  event  of  t h e  deve l opment  of  a pur pose  
b u i l t  ambul ance.  Snook & P a c i f i c o  ( 1 3 )  f ound t h a t  
t h i s  u n i t ,  c o n s i s t i n g  o f  an e l e c t r i c a l l y  o p e r a t e d  
sprung base mounted i n t he  ambul ance and on which
t he  t r o l l e y  i s  p l a c e d ,  g r e a t l y  i mproved t h e  ambul ance  
r i d e  b u t ,  u n f o r t u n a t e l y ,  t h e  cost  i s  c o n s i d e r e d  
p r o h i b i t i v e  and i t  has t he  d i s a d v a n t a g e  i n  t h e  
p r e s e n t  system of  a l l o w i n g  o n l y  one s t r e t c h e r  
t r o l l e y  t o be c a r r i e d  at  a t i me  and,  s i n c e  i t  can­
not  be e a s i l y  d i s m a n t l e d ,  o f  p r e v e n t i n g  t he  
ambul ance f rom c a r r y i n g  out  normal  s e r v i c e s .  These  
u n i t s  a r e  i n use ,  but  o n l y  i n l i m i t e d  q u a n t i t i e s  i n  
s p e c i a l i s t  s e r v i c e s .  A cheaper  v e r s i o n  has been 
r e c e n t l y  d ev e l o ped  at  Bath U n i v e r s i t y  ( 1 4 )  but  i t  
i s  not  known y e t  how e f f e c t i v e  t h i s  i s  and wh e t h e r  
i t  can be adapt ed  t o  t he  p r e s e n t  dua l  pur pose  r o l e  
of  t he ambul ance.
1 . 3 . 4  Ther e  i s  l i t t l e  doubt  t h a t  t r a n s p o r t i n g  a p a t i e n t  
can cause v a r y i n g  degr ees  of  d i s c o m f o r t  and i n  some 
cases be a c t u a l l y  dangerous ( 1 0 ) & ( 1 1 ) ,  and t hough
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t h i s  i s  ma i n l y  due t o  t h e  e f f e c t s  o f  t h e  ambul ance  
d e s i g n ,  i mprovement s i n  t h e  t r o l l e y  d e s i g n  cou l d  
g i v e  some r e l i e f  t o  t h e  p r o b l e m.  For i n s t a n c e ,  
i t  shoul d  be p o s s i b l e  t o  a s s i s t  i n t h e  ma i n t e n a n c e  
of  an a i r w a y ,  found by McDonal d ,  Bank & Ledi ngham 
a t  ( 3 )  t o  be t he  cause o f  many pr obl ems i n c a s u a l t y  
t r a n s p o r t a t i o n ,  t hough t h e  t r o l l e y  d e s i g n  i s  
s e v e r l y  r e s t r i c t e d  by t h e  ambul ance d e s i g n  and by 
i t s  du a l  pur pose use .  However ,  Woolham ( 6 ) f ound  
t h a t  t h e  use of  t r o l l e y s ,  e s p e c i a l l y  when e l e v a t e d  
t o  h o s p i t a l  t r o l l e y  or  bed h e i g h t ,  made them
e a s i e r  t o  wheel  and gave a r e a s s u r i n g  f e e l i n g  t o
t he  p a t i e n t  and R o c k e l l  ( 1 0 )  s t a t e s  t h a t : -
uUndoubt ed l y  t r o l l e y  s t r e t c h e r s ,  w i t h  t h e i r  
ease o f  a d j u s t me n t  and padded m a t t r e s s ,  have  
made some c o n t r i b u t i o n  t o  p a t i e n t  c o m f o r t ,  but  
t h e r e  i s  ample scope f o r  f u r t h e r  deve l opment  
of  s t r e t c h e r s  t o  p r o v i d e  g r e a t e r  p a t i e n t  
comf or t  and ease o f  h a n d l i n g . "
1 . 3 . 5  The above s t a t e m e n t  summar i zes t h e  p r e s e n t  s t a g e  
of  s t r e t c h e r  t r o l l e y  d e s i g n  but  t hough much has 
been s a i d  about  t h e  f a u l t s  o f  t h e  e x i s t i n g  d e s i g n  
t h e r e  has been no i n d i c a t i o n  of  ways i n whi ch t h e s e  
can be i mp r o ved .  I t  i s  i n t e n d e d  t o  r e c t i f y  t h i s  
and pr oduce an i mproved d e s i g n  d u r i n g  t h i s  p r o j e c t ,  
t he  aims o f  which a r e  s e t  out  be l ow.
1 . 4  Aims o f  t he  P r o j e c t
1 . 4 . 1  I n i t i a l  c o n t a c t  was made w i t h  F.W.  Equi pment  C o . ,
L t d . ,  i n  1982 when t he  r e s e a r c h e r  was i n v o l v e d  i n  
t he  d es i gn  and p r o t o t y p i n g  o f  a r escue s t r e t c h e r ,  
p r i m a r i l y  f o r  mount a i n  r e s c u e ,  as p a r t  of  t he  
f i n a l  ye a r  work f o r  a B . A .  ( Hons)  Degree i n  
I n d u s t r i a l  Desi gn a t  t he  S h e f f i e l d  C i t y  P o l y t e c h n i c .  
On c o mp l e t i o n  of  t h i s  p r o j e c t  t he  company was 
approached wi t h  t he  s u g g e s t i o n  f o r  f u r t h e r  d e v e l o p ­
ment of  t he  r escue s t r e t c h e r ,  but  t h i s  was r e j e c t e d  
on t he  grounds of  cost  and t he  l i m i t e d  m a r k e t .  
However ,  t he  company pr oposed t h a t  t he  f o l l o w i n g
-  21 -
r e s e a r c h  i n t o  one o f  t h e i r  p r o d u c t s ,  t h e ' S u p e r  4 '  
e l e v a t i n g  s t r e t c h e r  t r o l l e y ,  shoul d be u n d e r t a k e n  
and a C o l l a b o r a t i v e  T r a i n i n g  Award was o b t a i n e d  
f rom t h e  Sc i ence  & E n g i n e e r i n g  Research C o u n c i l  
t o  fund th i s .
1 . 4 . 2  The p r e s e n t  f a m i l y  o f  s t r e t c h e r  t r o l l e y s  s u p p l i e d  
by F.W.  Equipment  has now been i n use f o r  t e n  yea r s  
and i t  was f e l t  by t he  ma n u f a c t u r e r s  t h a t  i t  was 
t i me  t o  examine t h e  r o l e  of  t he  t r o l l e y  and i t s  
usage i n  t h e  ambul ance t oday  t a k i n g  i n t o  account  
pas t  e x p e r i e n c e  on i t s  h a n d l i n g ,  ma i n t e n a n c e  and 
g e n e r a l  use ,  and p o s s i b l e  f u t u r e  deve l o pment s  i n  
a c c i d e n t  emergency t h a t  may make a d d i t i o n a l  demands 
on t he  t r o l l e y .
1 . 4 . 3  The p r o j e c t  a i ms ,  t h e r e f o r e ,  f i r s t l y  t o  exami ne  
p r e s e n t  methods of  c a s u a l t y  t r a n s p o r t  and t h e  r o l e  
of  t he  t r o l l e y  i n t h i s  p a r t i c u l a r  c o n t e x t  and t o  
d i s c o v e r  t he  h a n d l i n g  pr ocesses  i n v o l v e d  and any 
pr obl ems r e l a t i n g  t o  t hese  t h a t  have emerged o v e r  
t h e  l a s t  10 y e a r s .  I t  i s  a l s o  nec e s s a r y  t o  
exami ne t r e n d s  i n emergency car e  and t o  d i s c o v e r  
wh a t ,  i f  any ,  changes ar e  l i k e l y  t o  occur  w i t h i n  
t he  l i f e  of  t he  t r o l l e y  des i gn  and f rom t h i s  da t a  
t o  e s t a b l i s h  c e r t a i n  c r i t e r i a  a g a i n s t  whi ch t h e  
p r e s e n t  t r o l l e y  can be e v a l u a t e d  and which w i l l  
form t he  b a s i s  f o r  f u t u r e  d e s i g n s .  I n  o r d e r  t o  
a c h i e v e  t h i s  t he  f o l l o w i n g  ar eas  of  i n f o r m a t i o n  
sear ch were p r o p o s e d : -
1)  Pr e s e n t  methods of  emergency t r e a t m e n t ,  p a t i e n t  
h a n d l i n g  and c a r e .
2)  Fu t ur e  deve l opment s  i n emergency t r e a t m e n t  and 
subsequent  changes,  i f  any ,  i n p a t i e n t  h a n d l i n g .
3)  Pr es en t  i n f l u e n c e s  and f u t u r e  deve l opment s  
w i t h i n '  t he  emergency s e r v i c e s  t h a t  cou l d  a f f e c t  
t he  use of  t he  s t r e t c h e r  t r o l l e y .
4)  S p e c i f i c  customer  r e q u i r e me n t s
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5) The mar ket  r e q u i r e m e n t s .
6 ) M a t e r i a l s  and t he  p r o d u c t i o n  methods a v a i l a b l e .
Secondl y  t h e  p r o j e c t  aims t o  use t he  d a t a  c o l l e c t e d  
f rom t h e  i n f o r m a t i o n  sear ch  o u t l i n e d  above t o  
produce a p e r f o r mance  s p e c i f i c a t i o n  a g a i n s t  which  
a new de s i g n  would be d e v e l o p e d .  I t  i s  i n t e n d e d  
t h a t  t h i s  woul d occur  i n  t h e  f o l l o w i n g  s t a g e s : -
1)  Data a n a l y s i s  and deve l opment  of  a p e r f o r ma n c e  
speci  f i  ca t  i o n .
2)  Devel opment  of  p r e l i m i n a r y  d e s i g n s .
3)  C o n s t r u c t i o n  and e v a l u a t i o n  of  p r o t o t y p e  1 t o  
t e s t  d e s i g n  p r i n c i p l e s .
4)  D e t a i l e d  de s i g n  d e v e l o p me n t .
5)  C o n s t r u c t i o n  and e v a l u a t i o n  o f  p r o t o t y p e  2 .
The o v e r a l l  p r o j e c t  p l a n  i s  shown i n  F i g . 2 i n which  
a p e r i o d  o f  t i me  i s  a l l o c a t e d  t o  each i d e n t i f i e d  
phase.  T h i s  i s  i n t e n d e d  as a gui de  t o  t h e  p r o j e c t  
d ev e l o p men t .
1 . 4 . 4  Of t he  a r ea s  o f  i n f o r m a t i o n  sear ch pr oposed t h e
f i r s t  f o u r  form t he  ma j or  p a r t  of  t h i s  phase o f  t he  
p r o j e c t .  Some i n f o r m a t i o n  on i t ems 5 and 6 was 
a v a i l a b l e  f rom t he  company who hol d 95% o f  t h e  
t r o l l e y  mar ket  i n Engl and and Wal es .  I t  i s  a 
r e l a t i v e l y  sma l l  but  s p e c i a l i s t  mar ket  w i t h  
t r o l l e y s  s a l e s  e s t i m a t e d  a t  a p p r o x i m a t e l y  1 0 0 0 / y e a r .  
These w i l l  ma i n l y  be f i t t e d  i n t o  new ambul ances  
usi ng two per  ambul ance.  The company i s  not  
equi pped f o r  t he  ma n u f a c t u r e  o f  t r o l l e y s  t hough i t  
i s  f o r  s o f t  goods and at  p r e s e n t  t r o l l e y s  a r e  
manuf ac t ur ed  i n t he  U n i t e d  S t a t e s  and i mp o r t e d  f o r  
f i n a l  assembl y here under  a t r a d e  a g r e e me n t .  The 
d e c i s i o n  t o e v a l u a t e  and r e v i s e  t he  d e s i g n  of  t he  
p r e s e n t  t r o l l e y  was p a r t l y  i n f l u e n c e d  by t h i s  as 
i t  was f e l t  t h a t  e x i s t i n g  des i gns  d e v e l o p e d  f o r  
t he  Amer i can market  d i d  not  e n t i r e l y  s u i t  t he  
E n g l i s h  mar ket  and p a r t l y  f o r  economic r e a s o n s ,
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w i t h  t he  d e v a l u a t i o n  of  t he  pound a g a i n s t  t he  
d o l l a r  and t he  consequent  r i s e  i n  p r i c e  of  t he  
i mp or t ed  t r o l l e y s -  The f a c t o r y ,  t h e n ,  i s  se t  up 
f o r  b a s i c  assembl y w i t h  some f a c i l i t i e s  f o r  t ube  
b e n d i n g ,  j i g  d r i l l i n g  and sma l l  l a t h e  wor k-  The 
new t r o l l e y  des i gn must ,  t h e r e f o r e ,  accommodate  
not  o n l y  t he  ergonomi c and me c h a n i c a l  f e a t u r e s  
r e q u i r e d  but  be a l s o  s u i t e d  t o  t h i s  t y p e  of  
m a n u f a c t u r e .
1 . 4 . 5  I t  i s  i n t e n d e d  t h a t  t he  second p r o t o t y p e  shoul d  be 
s u i t a b l e  f o r  h a n d l i n g  and m a n u f a c t u r i n g  e v a l u a t i o n .  
T h i s  would enab l e  a f i n a l  d e s i g n  p r o p o s a l  t o  be 
made accommodat ing any changes t h a t  appear  
n e c e s s a r y  as a r e s u l t  of  t h e  e v a l u a t i o n  of  t he  
h a n d l i n g  e x e r c i s e .
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2 METHOD OF WORKING AND DATA COLLECTION
2 . 1  I n t  r oduc t  i on
2 . 1 . 1  On s t a r t i n g  t h i s  p r o j e c t  i t  was n e c essa r y  t o  
i d e n t i f y  a r ea s  about  which i n f o r m a t i o n  was r e ­
q u i r e d  t hen  t o  d e c i d e  t he  bes t  way of  a c h i e v i n g  
t h i s .  I t  was dec i d e d  t h a t  t he  approach t o  t he  
i n f o r m a t i o n  sear ch shoul d  meet  t he  f o l l o w i n g  
c r i t e r i a : - '
1)  I t  shoul d  e n a b l e  a r e p r e s e n t a t i v e  p o r t i o n  of  
t he  d e f i n e d  p o p u l a t i o n  ( ambul ance o f f i c e r s )  t o  
be i n v o l v e d .
2)  I t  shoul d  e n a b l e  a v a r i e t y  of  i n f o r m a t i o n  t o  be 
obt a  i n e d .
3)  I t  must  be c a r r i e d  out  w i t h i n  a d e f i n e d  l i m i t e d  
t i m e s c a l e .
M. J .  Wi l s o n  of  t he  Open U n i v e r s i t y  ( 15 )  d e f i n e s  
t h r e e  appr oaches  t o  a c q u i r i n g  i n f o r m a t i o n  and by 
exami n i ng  each a g a i n s t  t h e  c r i t e r i a  i t  was p o s s i b l e  
t o  e l i m i n a t e  t hose  u n s u i t a b l e  t o  t h i s  s e a r c h .
These were r e j e c t e d  f o r  t h e  f o l l o w i n g  r e a s o n s : -
1) E t h n o g r a p h i c  approach -  t h i s  r e l a t e s  t o  t h e  
s t udy  of  peopl e  and l i f e  s t y l e  and i s  v e r y  t i me  
consumi ng.  As i t  d e a l s  p r i m a r i l y  w i t h  s ma l l  
groups i t  i s  not  r e p r e s e n t a t i o n a l  o f  a 
p o p u l a t i o n .
2)  E x p e r i m e n t a l  approach -  t h i s  i s  l a r g e l y  
s c i e n t i f i c  and r e l y s  on t he  measurement  of  
v a r i a b l e  da t a  a g a i n s t  a c o n t r o l .  I t  i s ,  how­
e v e r ,  not  p o s s i b l e  t o  f i x  a l l  t he  v a r i a b l e s  
when exami n i ng  groups of  peopl e  and i s  used  
o n l y  t o f i n d  s p e c i f i c  i n f o r m a t i o n .
Thi s  l e f t  t he  t h i r d  or  sur vey  approach which  
proved s u i t a b l e  as i t  e n a b l e s  a r e p r e s e n t a t i v e  
p o p u l a t i o n  t o be used and more t han one f a c e t  of  
t h a t  group t o be exami ned a t  any one t i m e .  I t  i s
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a l s o  s u i t a b l e  f o r  use where i n f o r m a t i o n  i s  r e ­
q u i r e d  w i t h i n  a s h o r t  t i me  span.  I t  was 
r e c o g n i s e d ,  however ,  t h a t  i t  would be l i m i t e d  i n ,  
t h a t  t he  i n f o r m a t i o n  o b t a i n e d  i s  dependant  on 
p e r s o n a l  r e a c t i o n  t o  t he  f or mat  used and t h e r e  i s  
no way of  check i ng t he  genui neness of  each 
s t a t e m e n t .
2 . 1 . 2  Once t he  sur vey  approach had been e s t a b l i s h e d  i t  
became p o s s i b l e  t o  examine f u r t h e r  t he  methods of  
c o l l e c t i n g  d a t a .  B e t t y  S w i f t  of  t he  Open 
U n i v e r s i t y  ( 16 )  d e f i n e s  two ways of  c o l l e c t i n g  
d a t a .  These a r e : -
1)  Q u e s t i o n i n g  -  t h i s  i n c l u d e s  both w r i t t e n  
q u e s t i o n a i r e s  and o r a l  ones ( i n t e r v i e w s ) .
2)  O b s e r v a t i o n  -  where an o b j e c t  or  p r oce ss  i s  
obser ved  and r e p o r t e d  on.
The q u e s t i o n i n g  pr ocess can be f u r t h e r  d i v i d e d  i n t o
a)  S t r u c t u r e d  q u e s t i o n s  -  where set  q u e s t i o n s  a r e  
answered w i t h  e i t h e r  yes or  no and t h e r e  i s  no 
room f o r  v a r i a t i o n s  of  a t t i t u d e .  These a r e  
good f o r  compar i son t r i a l s .
b) S e m i - s t r u c t u r e d  q u e s t i o n s  -  where t h e r e  a r e  
some set  q u e s t i o n s  but  a l l o wa n c e  f o r  t h e  
i n t e r v i e w e e  t o  add r e l e v a n t  comments o f  h i s  own.
c) U n s t r u c t u r e d  q u e s t i o n s  -  where t he  s u b j e c t  can 
t a l k  randoml y about  t he r ese ar ch  t o p i c .
I t  i s  p o s s i b l e  t o  use a combi na t i on  o f  t h e s e  methods  
of  da t a  c o l l e c t i o n  and i t  was dec i ded t h a t  t h e  most  
s u i t a b l e  method f o r  t h i s  p r o j e c t  would c o n s i s t  o f  
s e m i - s t r u c t u r e d  i n t e r v i e w s  t o g e t h e r  w i t h  p a r ­
t i c i p a n t  o b s e r v a t i o n .  W r i t t e n  q u e s t i o n a i r e s  were  
e l i m i n a t e d  because of  t he sho r t  t i me  a l l o w e d  f o r  
dat a  c o l l e c t i o n  and because i t  was f e l t  t h a t  a 
c o mbi na t i on  of  i n t e r v i e w  and o b s e r v a t i o n  woul d  
p r o v i d e  more r e l e v a n t  i n f o r m a t i o n  t han a f o r ma l  
i n t e r v i e w  or  q u e s t i o n a i r e .  The use of  t h i s  method
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was a l s o  d i c t a t e d  by t h e  n a t u r e  of  t he  work i n  
whi ch t h e  s u b j e c t s  t o be i n t e r v i e w e d  were i n v o l v e d .  
I t  was a l s o  p o s s i b l e  by us i ng t h i s  appr oach t o  r un  
a p i l o t  s t udy  i n  which t he  w r i t t e n  or  o r a l  form of  
t he  q u e s t i o n a i r e  was t e s t e d ,  a l l o w i n g  i t  t o  be 
a d j u s t e d  t o  o b t a i n  t he maximum r e l e v a n t  i n f o r m a t i o n  
b e f o r e  u n d e r t a k i n g  t he  main i n t e r v i e w i n g  s e s s i o n s .
2 . 1 . 3  The above method enab l es  t he  i n f o r m a t i o n  g a t h e r i n g  
s t a g e  t o  be comp l e t e d .  Th i s  i n f o r m a t i o n  i s  t hen  
a n a l y s e d  and used t o  f o r m u l a t e  t h e  p e r f o r ma n c e  
s p e c i f i c a t i o n  a t  which s t age  t h e  des i gn  pr oce ss  
b eg i n s  w i t h  t h e  g e n e r a t i o n  of  i deas  t o  s o l v e  t he  
pr obl ems i d e n t i f i e d .
2 . 1 . 4  Tech n i q u e s  used
The r e s e a r c h  a r ea s  t o  be s t u d i e d  and de v e l o p e d  
have been d i s c u s s e d  i n pa r a g r a p h  1 . 4 . 3 .  The 
t e c h n i q u e s  d e s c r i b e d  her e  r e l a t e  t o  t h e  i n f o r m a t i o n  
g a t h e r i n g  pr ocesses  used t o  o b t a i n  bot h backgr ound  
i n f o r m a t i o n  t o  a l l o w  t he  t r o l l e y  t o  be seen i n  
c o n t e x t  and d i r e c t  i n f o r m a t i o n  r e l a t i n g  t o  i t s  
usage .  However ,  t he  whole p r o j e c t  was c a r r i e d  
out  i n  t h e  f o l l o w i n g  s t a g e s : -
1)  L i t e r a t u r e  sear ch
2)  E s t a b l i s h m e n t  o f  t he  r e s e a r c h  appr oach and 
dev e l o pment  of  t he  methods t o  be used
3)  Data c o l l e c t i o n  -  Ge n e r a l  and s p e c i f i c
4)  Ana l ys  i s
5)  Pr obl em i d e n t i f i c a t i o n
6 ) Devel opemnt  of  a pe r f or mance  s p e c i f i c a t i o n
7)  E x i s t i n g  t r o  I l ey  e v a l u a t i o n
8 ) P r e l i m i n a r y  des i gn
9)  Devel opment  o f  P r o t o t y p e  1
1 0 ) D e t a i l  f i n a l  des i gn
1 1 ) Deve l opment  of  P r o t o t y p e  2
1 2 ) E v a l u a t i o n  of  P r o t o t y p e  2
1 3 ) F i n a l  de s i g n  pr oposa l
A d i agr am showing t he re l a t i o n s h i p  of  t h e s e  s t a g e s
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t o  each o t h e r  i s  shown i n  F i g - 3 ,  however  i t  i s  
proposed i n t h i s  c h a p t e r  t o  d i s c u s s  o n l y  t he  
methods used and pr obl ems e n c o u n t e r e d  i n  t h e  f i r s t  
3 s t a g e s .  The da t a  c o l l e c t e d  i n  s t ages  3 ,  4 ,
5 & 6 w i l l  be d i s c u s s e d  i n  c h a p t e r  3 and t he
Desi gn Processes i n t h e i r  r e l e v a n t  c h a p t e r s .
2 . 2 1 . L i t e r a t u r e  sear ch
2 . 2 . 1  Thi s  r e v e a l e d  l i t t l e  i n f o r m a t i o n  of  d i r e c t
r e l e v a n c e  t o  t h e  h a n d l i n g  o f  t h e  t r o l l e y  but  t h e r e  
were s e v e r a l  a r t i c l e s  r e l a t i n g  t o  t he  t r o l l e y  i n  
t he  c o n t e x t  o f  t h e  t o t a l  emergency car e  p r o c e s s .  
Me d i c a l  j o u r n a l s  were found t o  be t he  most  u s e f u l  
source o f  i n f o r m a t i o n  on emergency car e  and 
ambul ances but  i n  o r d e r  t o  i d e n t i f y  t h e  r e l e v a n t  
a r t i c l e s  i t  was n e c e s s a r y  t o  d e t e r m i n e  t h e  key 
words under  which t h e s e  would be l i s t e d  i n  t h e  
j o u r n a l  a b s t r a c t s ,  as a sea r ch  under  ' t r o l l e y s '  
produced o n l y  i n f o r m a t i o n  on i n s t r u m e n t  or  l a u n d r y  
t r o l l e y s .  These pr oved t o  be ' t r a n s p o r t '  and 
' p a t i e n t  h a n d l i n g ' .  The a r t i c l e s  i d e n t i f i e d  
proved i n most cases t o  c o n t a i n  r e f e r e n c e s  t o  
ambulance t r o l l e y s  o n l y  i n  one or  two p a r a g r a p h s ,  
but  t h e r e  were s e v e r a l  i n t e r e s t i n g  works on 
ambul ance r i d e s  by Snook 8 P a c i f i c o  ( 1 3 ) ,  ambul ance  
i n t e r i o r s  and equi pment  by Woodham ( 7 )  and R o c k e l l  
( 10 )  as w e l l  as i n f o r m a t i o n  on t he  e f f e c t s  of  
t r a n s p o r t  on a p a t i e n t  by McDona l f l , Bank 8 
Ledingham ( 3)  and Snook 8 P a c i f i c o  ( 1 3 ) .  I t  was 
a l s o  p o s s i b l e  t o  o b t a i n  i n f o r m a t i o n  on t h e  h i s t o r y  
of  t he  ambul ance s e r v i c e  and t h e  t r o l l e y  f rom t he  
Oxf or d  I l l u s t r a t e d  D i c t i o n a r y ( 1 ) , E n c y c l o p a e d i a  
B r i t a n n i c a  ( 2 )  and a r t i c l e s  by McDonal d,  Bank 8 
Ledingham ( 3)  and Snook 8 Lea ( 6 ) .  The most  
r e l e v a n t  i n f o r m a t i o n  r e l a t i n g  t o  t r o l l e y s  t hem­
s e l v e s ,  however ,  i s  t h e  Worki ng P a r t y  Repor t  on 
Ambulance T r a i n i n g  8 Equi pment  ( 8 )  wh i c h ,  i n  1 9 6 7 ,  
set  out  b r i e f l y  t he  adv ant ages  and d i s a d v a n t a g e s  
of  usi ng t r o l l e y s .  A r t i c l e s  on h o s p i t a l  t r o l l e y s
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by Weston & Goodhead ( 17 )  and Mur ray ( 1 8 )  were  
f ound u s e f u a l  as some of  t he  c o n d i t i o n s  and r e q u i r e ­
ments a r e  t h e  same as f o r  ambulance t r o l l e y s .  How­
e v e r ,  d e s p i t e  t he  s h o r t a g e  of  r e l e v a n t  i n f o r m a t i o n  
t he  l i t e r a t u r e  sea r ch  p r o v i d e d  a u s e f u l  backgr ound  
and i n s i g h t  i n t o  t h e  ambul ance s e r v i c e  and emergency  
car e  p r o c e s s .
2 . 3  2 .  E s t a b l i s h m e n t  of  t h e  Research Approach &
dev e l o pment  of  met hod.
2 . 3 . 1  The l ack  o f  i n f o r m a t i o n  a v a i l a b l e  t h r ough  t he  
l i t e r a t u r e  sear ch and t h e  n a t u r e  o f  t h e  pr obl ems  
i n d i c a t e d  t h e  use o f  t he  sur vey  approach w i t h  
o p p o r t u n i t y  sampl i ng  o f  ambul ance crews as a v a i l ­
a b l e  a t  s t a t i o n s  i n  f i v e  r e g i o n s ,  chosen f o r  t h e i r  
a c c e s s i b i l i t y ,  d i f f e r i n g  p o p u l a t i o n  d e n s i t i e s ,  
i n d u s t r i a l ,  urban or  r u r a l  b i as  and crew t r a i n i n g  
l e v e l s .  T r a i n i n g  school s  i n two r e g i o n s  were a l s o  
v i s i t e d  where t r a i n i n g . o f f i c e r s  were i n t e r v i e w e d .  
These s t a t i o n s  were recommended as be i ng  r e p r e s e n t ­
a t i v e  o f  t h e i r  p a r t i c u l a r  r e g i o n .
2 . 3 . 2  The methods chosen t o  o b t a i n  t he  r e q u i r e d  d a t a  
i n v o l v e d : -
a)  S e m i - s t r u c t u r e d  i n t e r v i e w s  wi t h  ambul ance c r e ws ,  
s t a t i o n  o f f i c e r s ,  t r a i n i n g  o f f i c e r s ,  a c c i d e n t  
and emergency s t a f f ,  ma i nt enance and c l e a n i n g  
s t a f f .
b) P a r t i c i p a n t  o b s e r v a t i o n .
P a t i e n t s  have been o m i t t e d  f rom t he above l i s t  
because i t  was f e l t  t h a t  though t hey  a r e  l a r g e l y  
i n v o l v e d  i n  t he  use of  t he  t r o l l e y  i t  woul d not  be 
p o s s i b l e  t o  i n t e r v i e w  them i n t r a n s i t  as t h i s  
would i n c r e a s e  t he  d i s t r e s s  in an a l r e a d y  s t r e s s ­
f u l  s i t u a t i o n  nor  would i t  be p o s s i b l e ,  on t h e  
grounds o f  p r i v a c y ,  t o  o b t a i n  f o l l o w  up i n f o r m ­
a t i o n .  Research i n t o  p a t i e n t  r e a c t i o n  was,  t h e r e ­
f o r e  l i m i t e d  t o  o b s e r v a t i o n  and r e p o r t s  t h r o u g h  
ambu l ancemen.
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Table 1
In the following table the places visited are lis ted  in chronological order giving 
the research methods used and types of information collected.
VISIT
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Training O fficer, 
Station O fficer, 
Crews available
Crews (specific­
a lly )  others 
generally 
3 -  '999* duties
Casualty O fficer
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of 4 men each 




Crews - 1 sh ift  
of 4 men





7 - *999' duties
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12) Ambulance Interviews 
Station C
Observation
13) Ambulance Interviews 
Station D
Observation
14) Training Centre Interviews 
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15) Training Interviews 
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2 . 3 . 3  Most  v i s i t s  i n v o l v e d  one day l a s t i n g  bet ween 4 -  8 
h o u r s ,  but  i t  i s  p o s s i b l e  t o  r e p e a t  v i s i t s  t o  one 
p a r t i c u l a r  s t a t i o n  t o  v e r i f y  i n f o r m a t i o n  and o b t a i n  
f u r t h e r  s p e c i f i c  d a t a .  V i s i t s  u s u a l l y  compr i sed  
t h e  c o l l e c t i o n  of  two se t s  of  d a t a : -
1)  Gener a l  -  c o n s i s t i n g  of  i n f o r m a t i o n  r e l a t i n g  t o  
t he  pr ocesses  used d u r i n g  h a n d l i n g  o p e r a t i o n s .
2)  S p e c i f i c  -  r e l a t i n g  t o  i n f o r m a t i o n  about  
i n d i d v i d u a l  components or  s p e c i f i c  p r o b l e ms .
I n i t i a l l y  v i s i t s  c o n c e n t r a t e d  on g e n e r a l  i n f o r m a t i o n ,  
e s p e c i a l l y  t he  f i r s t  two which were used as a p i l o t  
s t udy  t o t e s t  t he  q u e s t i o n  f o r ma t  and c o n t e n t .  
S u b s e q u e n t l y ,  i t  was p o s s i b l e  t o  c o n c e n t r a t e  more 
on s p e c i f i c  da t a  t hough g e n e r a l  i n f o r m a t i o n  was 
a l ways c o l l e c t e d  a t  t h e  s t a r t  o f  v i s i t s  t o  new 
a r e a s .  T ab l e  1 shows a l i s t  o f  v i s i t s  made,  t h e  
methods used t o  c o l l e c t  i n f o r m a t i o n  and t h e  per sons  
i n t e r v i e w e d .  I t  shows i n f o r m a t i o n  c o l l e c t e d  under  
t h e  two headi ngs Ge n e r a l  and S p e c i f i c  as e x p r e s s e d  
a b o v e .
2 . 3 . 4  Dur i ng  some v i s i t s ,  i t  was p o s s i b l e  t o  o b s e r v e  t h e  
p a t i e n t  h a n d l i n g  pr ocess  d u r i n g  * 9 9 9 '  d u t i e s  and 
f u r t h e r  s u b j e c t i v e  da t a  was o b t a i n e d  f rom a p a t i e n t  
and t r o l l e y  h a n d l i n g  d e m o n s t r a t i o n  s e s s i o n .  Agai n  
t he  f i r s t  two d u t i e s  were used as t he  p i l o t  s t udy  
t o  g a t h e r  g e n e r a l  i n f o r m a t i o n  on t h e  whol e  p r o c e s s ,  
and subsequent  d u t i e s  t o  obs er ve  s p e c i f i c  pr ob l em  
ar eas  and d e t a i l s  of  t he  h a n d l i n g  p r o c e s s .  Du r i ng  
t hese  o b s e r v a t i o n  p e r i o d s  s u b j e c t i v e  t e s t s  were  
c a r r i e d  out  i n v o l v i n g  t h e  h a n d l i n g  of  t h e  t r o l l e y  
i n  a l l  i t s  p o s i t i o n s  w h i l e  u n l a d e n ,  and a c t i n g  as 
c a s u a l t y  f o r  t he  h a n d l i n g  d e m o n s t r a t i o n .  I t  a l s o  
i n v o l v e d  a s s i s t i n g  w i t h  t he  h a n d l i n g  o f  t h e  t r o l l e y  
w h i l e  i n use on emergency d u t i e s .  Th i s  gave a 
v a l u a b l e  i n s i g h t  i n t o  t he  pr obl ems e n c o u n t e r e d  and 
a l l o we d  t he r e s e a r c h e r  t o  obser ve  a c t i o n s  and 
p o s i t i o n s  t h a t  t hr ough h a b i t  would remai n un­
remarked by t he  cr ews.
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2 . 3 . 5  Th i s  method of  i n f o r m a t i o n  c o l l e c t i o n  was chosen  
as be i ng  t h e  most s u i t a b l e  f o r  t he  s i t u a t i o n s  i n ­
v o l v e d ,  making t h e  most e f f e c t i v e  use o f  t h e  t i me  
a v a i l a b l e  a t  each s t a t i o n  and t he  l i m i t e d  t i me  of  
t he  crews w h i l e  on d u t y .  The s e m i - s t r u e t u r e d  
i n t e r v i e w s  pr oved t o  be l oose enough t o  pr omot e  
d i s c u s s i o n  and t he  r a i s i n g  of  o t h e r  p o i n t s  r e l e v a n t  
t o  t he  t r o l l e y .  The o b s e r v a t i o n a l  method was 
chosen as a means o f  o b t a i n i n g  c e r t a i n  i n f o r m ­
a t i o n  t h a t  t he  crews and t h e i r  p a t i e n t s  w e r e ,  p e r ­
haps,  unaware o f ,  and as a way of  becoming f a m i l i a r  
w i t h  t he  w h o l e p a t i e n t  h a n d l i n g  p r o c e d u r e .
2 . 4  3 .  Data c o l l e c t i o n
2 . 4 . 1  I n  a l l , s i x t e e n  v i s i t s  were made t o  ambul ance
s t a t i o n s ,  t r a i n i n g  school s  and A c c i d e n t  & Emergency  
(A & E) d e p a r t me n t s  as show i n  T a b l e  1 .  I t  was 
found n e c e s s a r y  t o  use t h e  f i r s t  t h r e e  v i s i t s  as a 
p i l o t  s t udy  i n  which t h e  i n i t i a l  q u e s t i o n a i r e  was 
t e s t e d  l e a d i n g  t o  d i s c u s s i o n  and t o  f u r t h e r  
r e l e v a n t  q u e s t i o n s .  The r e v i s e d  q u e s t i o n a i r e  
g i v e n  bel ow was t hen  used as t h e  b a s i s  f o r  a l l  
l a t e r  v i s i t s  and t h e s e  n o r m a l l y  t ook t h e  f o l l o w ­
i ng f o r m : -
a)  I n t r o d u c t i o n  o f  t h e  i n t e r v i e w e r  and t h e  p r o j e c t  
by an ambul ance o f f i c e r .
b) Checki ng t he  h a n d l i n g  pr ocess  and t r o l l e y  usage  
as compared w i t h  i n f o r m a t i o n  a l r e a d y  o b t a i n e d .
c) O b t a i n i n g - s p e c i f i c  i n f o r m a t i o n  r e l a t i n g  t o  
known d i f f i c u l t i e s .
d)  I d e n t i f i c a t i o n  and d i s c u s s i o n  of  p o i n t s  a r i s i n g  
f rom t hese  and on f u r t h e r  d i f f i c u l t i e s  or  
suggest ed i mpr ovement s .
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2 . 4 . 2  I n f o r m a t i o n  Re qu i r e d
1) S t r e t c h e r  Usage
2)  E l e v a t i n g  
mechanism
3)  ' F o w l e r '  
pos i t  i on
4)  ' T r e n d e l e n b e r g '
Are e x c e p t i o n a l  w e i g h t s  
f r e q u e n t l y  enc o u n t e r ed ?
Are t h e r e  any pr obl ems hand­
l i n g  t he t r o l l e y  due t o  i t s  
wei g ht  i e .  f e a r s  of  b e n d i n g ,  
b r e a k i n g  e t c?
Do f emal e  a t t e n d a n t s  have any 
p a r t i c u l a r  probl ems w i t h  con­
t r o l  h a n d l e s ,  s i z e ,  reach e t c ?  
Any probl ems w i t h  m a t e r i a l s  
due t o  chemi ca l  c o n t a c t  or  
i n  c l e a n i n g ?
I s  t h i s  used? I f  s o : -  
How? -  i e  s i d e  or  end l o a d i n g  
and what  probl ems?
Where? -  i n h o s p i t a l s  -  a t  
a c c i d e n t  s i t e s  e t c?
Why? -  f o r  ease o f  u s e ,  hos­
p i t a l  t r a n s f e r s  or  o t h e r ?
When t r a n s f e r r i n g  do t h e y  
s l i d e  acr oss or  l i f t  on l y?
I s  t h e r e  any f eedba ck  f rom 
casua I t y ?
I s  t h i s  used? I f  so
Any probl ems? -  I s  i t  used 
w i t h  t he  t r o l l e y  i n  or  out  
of  ambulance?
Does i t  need any a d j u s t me n t ?
I s  t h i s  used? I f  so : -
Any probl ems?
How i s  t h e  p a t i e n t  l oaded on 
t he  t r o l l e y ,  i n t o  t he  ambu­
l ance w i t h  t h i s  p o s i t i o n ?
When i s  i t  used?
What happens when o f f - l o a d i n g ?  
I s  i t  used d u r i n g  t he  j o u r n e y ?
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5 ) S i t t i n g
p a t i e n t s
6 ) S e c u r i t y
7)  F i e l d  c a r r y
8 ) Wheel  l ock
9)  I n t e r - h o s p i t a l  
t  ranspo r t
-  Any c o mp l a i n t s  about  sea t  
h e i g h t ,  w i d t h  or  s e c u r i t y ?
-  Any pr obl em w i t h  s e c u r i t y  of  
a r e c l i n i n g  p a t i e n t ?
-  Any p a r t i c u l a r  probl em?
-  Where ar e  t h e y  used?
Any d i f f i c u l t i e s ?
-  Any probl ems? i e -  i n t r a ­
venous d r i p  s t a n d ,  o xy g en /  
ent onox b o t t l e  -  p a t i e n t s *  
g e a r .
10)  H y p e r - e x t e n s i o n / -  I s  i t  used? I f  so' . -
c a r d i a c  a r r e s t  
f e a t u r e .
11)  O t h e r  p r o b l e m s . 
i e -  handl es
t owi ng
c a r r y i n g
s l i d e s
12)  M a t t r e s s
13)  C a s u a l t y  
h a n d l i n g
How easy i s  i t  t o  use? 
Are t h e r e  any pr obl ems?
-  Any d i f f i c u l t i e s ?
-  Where would be t h e  most  
c o m f o r t a b l e  c a r r y i n g  p o s i t i o n ?
-  Any d i f f i c u l t i e s ?
-  Any pr obl ems w i t h  use?
" c l e a n i n g ?  
s t a t i c
e l e c t  r i  ci  t y?
-  Any p a r t i c u l a r  pr obl em?
Are s t r a p s  used -  i f  so 
why and where?
14)  Ot h e r  s t r e t c h e r s -  What o t h e r  t ypes  may be used
and a r e  t h e y  used on t op of  
or  as w e l l  as t h e  t r o l l e y ?
15)  Ot h e r  equi pment  -  i e -  o x y g e n / e n t o n o x  -  what
r e l a t i o n s h i p  w i t h  t he  t r o l l e y ?
16)  Check ambul ance t ype and l a y o u t .
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For hospi  t a  L:
1)  Are c a s u a l t i e s  a t t e n d e d  t o  on t h e  t r o l l e y  i n  
t h e  A & E depar t ment ?
2)  Are t h e y  t r a n s f e r r e d  t o  a n o t h e r  d e p a r t me n t  
b e f o r e  t r e a t m e n t  or  s p e c i a l  t r e a t m e n t  b e f o r e  
t r a n s f e r  t o  t he h o s p i t a l  t r o l l e y ?
3)  Would i t  be used or  shoul d i t  be used w i t h  
t h e  equi pment  b e f o r e  c a s u a I t y  . t r a n s f e r ,  i e .  
x - r a y  equi pment?
4)  Who e l s e  i s  l i k e l y  t o  use i t ,  i e .  nur ses?
5)  Use of  i n f u s i o n  -  i s  t h i s  l i k e l y  t o  become 
more f r e q u e n t ?
S p e c i f i c  d e t a i I :
1)  Hypei— e x t e n s i o n  -  Does i t  need t h e  upward  
p o s i t i o n  s l a n t  t hen head back?
2)  Fowl e r  p o s i t i o n  -  I t s  use? -  any recommended
3)  ' T r e n d e l e n b e r g 1 -  Use? -  what  about  a n t i ­
can i t  be f l a t ?
h e i g h t s ?
t  rende l enbe rg?
4)  F l e x i b l e  bed
system
5)  C a s u a l t y  
t  r a n s f e  r
-  L i f t i n g  o n l y  or  s l i d i n g  
across?
Use of  r o l l e r  as i n  "The  
h a n d l i n g  of  p a t i e n t s "  or  
gui de  f o r  nur se  managers?
6 ) Any p a r t i c u l a r  
p r o b l e m s .
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2 . 4 . 3  The r e  were s e v e r a l  p r o b l e ms ,  however .  I n f o r m ­
a t i o n  on t he  s t r e t c h e r  t r o l l e y  use v a r i e d  bet ween  
i n d i v i d u a l s  and depended v e r y  much on p e r s o n a l  e x ­
p e r i e n c e ,  but  d e s p i t e  t h i s  a p a t t e r n  o f  pr obl ems  
emerged though some became so r e p e t i t i v e  t h a t  t h e y  
were assumed t o  be common t o  a l l  s i t u a t i o n s .  I t  
was f ound t h a t  i n i t i a l l y  t h e  o f f i c i a l  v e r s i o n  o f  
t he  t r o l l e y  use was g i v e n  by ambul ance crews w h i c h ,  
h oweve r ,  proved d i f f e r e n t  f rom subsequent  i n f o r m ­
a t i o n  and obser ved use .  T h i s  pr oduced a f a l s e  
i mp r e s s i o n  a t  f i r s t  but  once aware of  t h e  pr ob l em  
i t  became p o s s i b l e  t o  o b t a i n  t h e  r e l e v a n t  i n f o r m ­
a t i o n  f rom crews us i ng r e v i s e d  q u e s t i o n s .
2 . 4 . 4  Response t o  q u e s t i o n s  v a r i e d  bet ween s t a t i o n s ,  but  
i n  a l l  cases t h e r e  was an i n i t i a l  ' b l a n k '  p e r i o d  
where no probl ems coul d  be i d e n t i f i e d  as t h e  crews  
were unaware o f  any d i f f i c u l t i e s  because o f  t h e i r  
f a m i l i a r i t y  w i t h  and a d a p t a t i o n  t o  us i n g  t h e  
t r o l l e y s .  However ,  when crews became aware t h a t  
c e r t a i n  probl ems o c c u r r e d  a t  o t h e r  s t a t i o n s  t h e y  
became more f o r t h c o mi n g  about  t h e i r  own o b s e r v ­
a t i o n s .  For i n s t a n c e  i t  was f ound t h a t  a t  one 
s t a t i o n  where i n i t i a l l y  t h e  r esponse  was t h e  
o f f i c i a l  v e r s i o n ,  on r e p e a t e d  v i s i t s  i n f o r m a t i o n  
became more r e a d i l y  a v a i l a b l e  as t h e  crews became 
f a m i l i a r  w i t h  t he a u t h o r ' s  p r e s e n c e  and more aware  
of  t h e  h a n d l i n g  pr ocess used and d i f f i c u l t i e s  
o r i g i n a l l y  t aken  f o r  g r a n t e d .  They began t o  no t e  
i n c i d e n t s  where probl ems had a r i s e n  or  a r e a s  where  
t h e y  f e l t  i mprovements cou l d  be made.  I t  was a l s o  
found t h a t  i n f o r m a t i o n  was more r e a d i l y  g i v e n  when 
o b s e r v i n g  i n t he  ambul ance as t h e  crews cou l d  t hen  
d e mo n s t r a t e  t he  p o i n t  r a i s e d .  However ,  t h e  l e v e l  
of  o b s e r v a t i o n  by crews v a r i e d  bet ween s t a t i o n s  and 
some had g i ven  a g r e a t  d e a l  o f  t h o u g h t  t o  t h e i r  
pr obl ems whereas o t h e r s  had a c c e p t e d  them as p a r t  
of  t he  j o b .
2 . 4 . 5  P a r t i c i p a n t  o b s e r v a t i o n  was found t o  be a v e r y  
v a l u a b l e  way of  o b t a i n i n g  i n f o r m a t i o n  e s p e c i a l l y
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on g e n e r a l  h a n d l i n g  p r o c e d u r e .  However ,  t h e r e  
were c e r t a i n  pr obl ems w i t h  o b s e r v i n g  d u r i n g  ' 9 9 9 '  
d u t i e s .  D i s c r e t i o n  had t o  be used wi t h  t he  
o b s e r v a t i o n  of  c e r t a i n  cases where e mo t i o n a l  upset  
t o  t he  p a t i e n t  and r e l a t i v e s  was g r e a t e r  t han  
n or ma l .  I t  was ve r y  d i f f i c u l t  t o  obser ve  more 
t han t he  g e n e r a l  p r o c e d u r e  a t  f i r s t  and subsequent  
v i s i t s  were devot ed  t o  o b s e r v i n g  one or  two 
s p e c i f i c  h a n d l i n g  pr oce sses  each t i m e .  I t  was 
f ound v a l u a b l e  t o  l e a r n  by a c t u a l  h a n d l i n g  of  t he  
t r o l l e y  but  a l most  i m p o s s i b l e  t o  obser ve  o t h e r s  
w h i l e  doi ng i t  o n e s e l f .  Each case i s  s l i g h t l y  
d i f f e r e n t ,  t h e r e f o r e ,  t he  h a n d l i n g  pr ocedur e  
v a r i e d  as w e l l  and i t  was not  p o s s i b l e  t o  use 
r e p e t i t i v e  a c t i o n s  f o r  v e r i f y i n g  any o b s e r v a t i o n s .  
However ,  i t  was p o s s i b l e  t o  obs er ve  t he  c a s u a l t y  
d u r i n g  t he  ambul ance r i d e  and t h e  r e l a t i o n s h i p  of  
t he  t r o l l e y  t o t he  ambul ance bodywork and t he  
pr obl em a r i s i n g  f rom t h i s .
2 . 4 . 6  The c a s u a l t y  and t r o l l e y  h a n d l i n g  d e m o n s t r a t i o n  
proved i n v a l u a b l e  i n g i v i n g  an i n s i g h t  i n t o  t he  
f e e l i n g s  of  a c a s u a l t y  on be i n g  whee l ed ,  p i c k e d  up 
and c a r r i e d .  However ,  i t  was not  p o s s i b l e  as a 
c a s u a l t y  t o  obser ve  t he  h a n d l i n g  a c t i o n s  o t h e r  
t han by f e e l .  I t  was a l s o  found t h a t  t he  de­
m o n s t r a t i o n  t ended t owards t he  ' o f f i c i a l  v e r s i o n '  
and not  t o  t he  a c t u a l  ' u s e *  met hods,  but  i t  was 
s t i l l  an i n v a l u a b l e  e x e r c i s e  i n  t he  f or mat  f o r  t he  
b as i c  c a s u a l t y  h a n d l i n g  p r o c e d u r e .
2 . 4 . 7  The i n f o r m a t i o n  g a t h e r e d  d u r i n g  t hese  v i s i t s  was 
r ecor ded i n  not e  form at  t h e  i n t e r v i e w  and d u r i n g  
o b s e r v a t i o n ,  t hen expanded i n t o  a process r e p o r t  
f o r  each v i s i t .  One r e p o r t  has been g i ven  i n  
Appendi x B as an example o f  t he  i n f o r m a t i o n  
c o l l e c t e d  and t h e  method o f  r e c o r d i n g  i t .  Ph o t o ­
graphs were t aken  of  t he  c a s u a l t y  and t r o l l e y  
h a n d l i n g  d e mo n s t r a t i o n  but  i t  was dec i ded t h a t  
t h e r e  would be t oo many d i f f i c u l t i e s  i n v o l v e d  in
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p h o t o g r a p h i n g  ' u s e '  s i t u a t i o n s  as most o b s e r v a t i o n  
was done d u r i n g  e ve n i n g  or  n i g h t  s h i f t s .
2 . 4 . 8  Perhaps t h e  h a r d e s t  pr obl em t o  overcome i n t h i s  
i n f o r m a t i o n  g a t h e r i n g  p e r i o d  was t he  i n i t i a l  r e ­
l u c t a n c e  of  t he  crews t o  d e mo n s t r a t e  a n y t h i n g  o t h e r  
t han t he  o f f i c i a l  met hod,  p a r t l y  t hr ough an u n d e r ­
s t a n d a b l e  r e l u c t a n c e  t o  r e v e a l  any d e v i a t i o n  f rom 
t h e  o f f i c i a l  r u l e s  and t h r ough  f e a r  t h a t  t h i s  would  
be r e p o r t e d  back t o  t h e  management .  T h i s  was o n l y  
overcome i n some i n s t a n c e s  by t r a v e l l i n g  w i t h  t he  
ambul ance and q u e s t i o n i n g  w h i l e  i n  t r a n s i t  and i n  
o t h e r  cases by t h e  s y m p a t h e t i c  u n d e r s t a n d i n g  o f  t he  
s u p e r i o r  o f f i c e r  on t he  s t a t i o n .  Obce crews f e l t  
t h a t  t h e y  coul d speak w i t h o u t  f e a r  of  r ebuke t h e i r  
i n f o r m a t i o n  was more r e a d i l y  g i v e n .
-  41 -
3 DATA ANALYSI S
3 .1  I n t  rodu ct  i on
3 . 1 . 1  The i n f o r m a t i o n  g a t h e r e d  d u r i n g  t h e d a t a  c o l l e c t i o n  
p e r i o d  r e q u i r e d  a l l o c a t i o n  t o  t he  a p p r o p r i a t e  
s u b j e c t  a r e a  and c o l l a t i n g  i n t o  an o r d e r  o f  i m p o r t ­
a nce .  T h i s  was p a r t l y  a c h i e v e d  d u r i n g  t he  
c o l l e c t i o n  p e r i o d ,  by r e f e r e n c i n g  i n t h e  a p p r o p r i a t e  
f i l i n g  sys t em.  However ,  f u r t h e r  s o r t i n g  and 
a n a l y s i s  was s t i l l  r e q u i r e d  t o  e x t r a c t  a l l  t he  
r e l e v a n t  d e t a i l s  t h a t  woul d a l l o w  an o v e r a l l  u n d e r ­
s t a n d i n g  o f  t h e  p r ocess  i n v o l v e d  and s p e c i f i c  p r o b ­
lems e n c o u n t e r e d .  The a n a l y s i s  aimed t o  d i s c o v e r  
i n  d e t a i l  t h e  use r  r e l a t i o n s h i p  w i t h  t h e  t r o l l e y
so t h a t  f rom t h i s  a p e r f o r ma n c e  s p e c i f i c a t i o n  cou l d  
be d e v e l o p e d .
3 . 2  4 .  Ana l y s i s
3 . 2 . 1  I n  o r d e r  t o  u n d e r s t a n d  t h e  probl ems i d e n t i f i e d  r e ­
l a t i n g  t o  t h e  t r o l l e y  and t o  ensur e  t h a t  t h e  new 
de s i g n  i s  c o m p a t i b l e  w i t h  t h e  demands t h a t  w i l l  be 
p l a c e d  on i t ,  i t  i s  n e c e s s a r y  t o  i d e n t i d y  
c o m p r e h e n s i v e l y : -
1)  The per sons  us i ng  t h e  t r o l l e y
2)  The p l a c e s  i n  which i s  i s  used
3)  The pr oce sses  i n v o l v e d
T h i s  f orms t h e  b a s i c  er gonomi c  f ramework a g a i n s t  
which t h e  pr obl ems i d e n t i f i e d  i n t he  i n f o r m a t i o n  
sear ch can be ass e s s e d .  The f o l l o w i n g  s e c t i o n ,  
t h e r e f o r e ,  i d e n t i f i e s  i n  d e t a i l  t he  u s e r s ,  p l a c e s  
and p r o c e d u r e s  f o r  t he  s t r e t c h e r  t r o l l e y  d u r i n g  
i t s  s e r v i c e  i n  t he  ambul ance .  The p r o c e d u r e  
however ,  o n l y  r e l a t e s  t o  t he  ambulance j o u r n e y  t o  
an a c c i d e n t / e m e r g e n c y ,  t o  t h e  h o s p i t a l  and back
t o base .  I t  does not  i n v o l v e  mai nt enance  and
c l e a n i n g .  Ma i n t e n a n c e  i s  c a r r i e d  out  e i t h e r  i n  
t he  a r ea  workshops or  a t  t he  ma n u f a c t u r e r s  and 
c l e a n i n g  i s  c a r r i e d  out  i n  t h e  s t a t i o n .
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3 . 2 . 2  Ge n e r a l  usage ( a f t e r  s a l e  t o  Ambulance S e r v i c e )
Peop le
1)  Ambulance crews
2)  H o s p i t a l  s t a f f ?
3)  C I e a n e r s
4)  Ma i n t e n a n c e  crews
5)  P a t i e n t
P l ace s
1) I n  ambul ance
2)  R o a d s i d e s / h a r d  s u r f a c e s
3)  F i e l d s / s o f t  s u r f a c e s
4)  H o s p i t a l  grounds -  i . e .  l oad i n g  bays
5)  A & E de p a r t me n t
6 ) L i f t s / c o r r i d o r s
7)  Wards
8 ) S t a t i o n  grounds  
Pr ocedur es
A) S i t t i n g  cases
T r o l l e y  l e f t  i n  ambul ance i n i n n e r  l ocked p o s i t i o n  -  
no b l a n k e t s  -  s i d e  bars  ( o u t e r  one anyway)  down.
Arm r e s t s  and s ea t  b e l t s  a v a i l a b l e  f i g . 4 .
B ) i )  S t r e t c h e r  cases
1)  C a l l  r e c e i v e d
2)  Ambulance despat ched t o  t he scene
3)  " a r r i v e s  at  " "
4)  A t t e n d a n t  goes t o see t he  p a t i e n t  and assess  
t h e s i t u a t i o n
5) D r i v e r  j o i n s  him t o see what  equi pment  i s  
needed
6 ) D r i v e r  r e t u r n s  t o  t he  ambulance t o  f e t c h  t he  
r e q u i r e d  equi pment  e . g .  s p l i n t s ,  b l a n k e t s ,  
c a r r y  c h a i r ,  or  both r e t u r n  t o  get  t he  t r o l l e y  
out
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7)  I f  c a r r y  chai  r -  p l a c e  p a t i e n t  i n  c h a i r
a)  c a r r y  out  t o  ambul ance and i n t o  sa l oon
b) t r a n s f e r  p a t i e n t  t o  t he  t r o l l e y
c) put  c h a i r  away
8 ) I f  s t r e t c h e r  t r o l l e y  -  l oad p a t i e n t  ont o
t r o l l e y
a)  a d j u s t  t r o l l e y  t o  s u i t
b)  l oad t r o l l e y  i n t o  ambul ance -  l ock i n t o  
pos i t  i on
c) F u r t h e r  ad j u s t men t s  i f  n e c e s s a r y  -  f i t t i n g  
of  r e s u s c i t a t i o n  equi pment  e t c . ,
9)  I f  us i n g  ’ Scoop1 s t r e t c h e r
a)  l oad ' Scoop '  i n t o  ambul ance s t r a i g h t  ont o  
t h e  t r o l l e y .
b) I f  l ong j o u r n e y  -  remove ' Scoo p '  -  f o r  
s h o r t  j o u r n e y  i t  s t a y s  i n  p l a c e
c) a d j u s t m e n t s  and r e s u s c i t a t i o n  equ i pment  e t c .
10)  D r i v e  t o  t h e  h o s p i t a l  -  a t t e n d a n t  m o n i t o r i n g  
i n  ba c k .
11)  O f f  l oad t r o l l e y  -  may need t o  keep  
r e s u s c i t a t i o n  goi ng
12)  Wheel  i n t o  A & E d ep ar t men t  and t r a n s f e r  t o  
h o s p i t a l  t r o l l e y  or  -  r e g i s t e r  p a t i e n t  i n  
admi ss i ons
Wheel  i n t o  ward (may need t o  use l i f t )  and 
t r a n s f e r  t o  bed ( f i x e d  h e i g h t  i n c o r o n a r y  
case d e p t )
13)  Remake t r o l l e y  bed and r e t r i e v e  equ i pment
14)  R e - l o a d  empty t r o l l e y  i n t o  ambul ance
15)  W r i t e  up log sheets  e t c .  -  r e p o r t  c l e a r  t o  
Cont ro I
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3 ) i i ) H o s p i t a l  t r a n s f e r s
1)  Ambulance t o  h o s p i t a l
2)  O f f  l oad t r o l l e y
3)  Take i t  t o  t h e  ward
4)  Load p a t i e n t  and a c c e s s o r i e s  i f  any
5)  C o l l e c t  p a t i e n t ' s  b e l o n g i n g s  u n l e s s  a nur se  
i s  a l s o  t  r ave  11 i ng
6 ) Take p a t i e n t  out  t o  ambul ance
7)  Load i n t o  ambul ance and l ock i n t o . p o s i t i o n
8 ) A d j u s t  f o r  comf or t  and any equ i pment  needed
9)  D r i v e  t o  second h o s p i t a l  -  a t t e n d a n t  and 
nur se  or  d o c t o r  e t . ,  m o n i t o r i n g  p a t i e n t  i n  
back
10)  O f f  l oad t r o l l e y
11)  Wheel  i n t o  r e q u i r e d  ward
12)  T r a n s f e r  p a t i e n t  t o  h o s p i t a l  t r o l l e y ,  bed
13)  Remake t r o l l e y
14)  R e - l o a d  ambul ance w i t h  t r o l l e y
15)  Repor t  back t o  c o n t r o l
3 . 2 . 3  Once t h e  i n d i v i d u a l  a r eas  had been i d e n t i f i e d  i t  
became a p p r o p r i a t e  t o  d i s c o v e r  t h e  r e l a t i o n s h i p  
bet ween them by i d e n t i f y i n g  f i r s t l y  t h e  p e o p l e  
a s s o c i a t e d  w i t h  each phase o f  t he  p r o c e d u r e  t h e n  
r e l a t i n g  t h i s  t o t he  p l a c e s .  The f i r s t  o f  t h e s e  
s t eps  i s  g i v e n  be l ow.
A) S i t t i n g  cases (90% -  94%) of  j o u r n e y s
Pr oc edur e  Peop le
T r o l l e y  in ambul ance P a t i e n t
No beddi ng Ambulance crew
Used as a bench
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B) S t r e t c h e r  cases (6% -  10%) of  j o u r n e y s
Bas i c  pr ocess  Peopl e
1)  C a l l  r e c e i v e d  Crew
2)  Ambulance t o  scene
3)  A t t e n d a n t  t o  c a s u a l t y
4)  Assess t he  s i t u a t i o n  P a t i e n t
5)  N o t i f y  d r i v e r  what  
equi pment  needed
6 ) D r i v e r  t a k e s  equi pment  
t o  c a s u a l t y  -  may need 
a t t e n d a n t  i f  us i ng  
t r o l l e y
7)  Load c a s u a l t y  i n t o  
equi  pment
8 ) Car r y  t o  ambul ance
9)  Load i n t o  ambul ance  
a)  l oad i n t o  t r o l l e y -
-  i f  c h a i r
-  i f  scoop
1 0 ) Ad j us t ment s  -  a d d i t i o n a l  
equi pment  e . g .  Entonox  
or  0„
Crew & 
p a t i e n t  
p o s s i b l y  
nur se  or  
d o c t o r  i f  
a v a i  l a b l e
1 1 ) C o n t i n u e  1 s t  a i d
1 2 ) M o n i t o r  d u r i n g  j o u r n e y
13) Ambul ance t o  h o s p i t a l
Crew,  
p a t i e n t ,  
d o c t o r ,  
nur se  i f  
a v a i a l b l e
1 4 ) 0 f f l o a d  t r o l l e y  ont o
l oad i ng  b a y / g r o u n d  Crew,
15) Wheel  t o  r e q u i r e d  ward p a t i e n t ,
1 6 ) 0 f f l o a d  ont o h o s p i t a l  nur se  
equi  pment
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Basi c  pr ocess Peopl e
1 7 ) R e t r i e v e  ambul ance  
equi pment  and remake 
ready f o r  use
1 8 ) R e t u r n  t o  ambul ance Crew
1 9 ) R e l o a d  empty t r o l l e y  
i n t o  ambul ance
2 0 ) R e p o r t  t o  c o n t r o l
3 . 2 . 4  Secondl y  t he  r e l a t i o n s h i p  bet ween t he  u s e r s ,  
p l a c e s  and h a n d l i n g  p r o c e d u r e s  d u r i n g  t h e  ambul ance  
usage can be summarised as f o l l o w s : -
P rocess P l ace  Peopl e
1.  S i t u a t i o n  I n  ambul ance ,  Ambulance c r ews ,
assessment  house,  f a c t o r y ,  p a t i e n t ,  by ­
f i e l d ,  r o a d s i d e ,  s t a n d e r s ,
b u i l d i n g s  e t c .  d o c t o r s ,  n u r s e s .
2 .  Journey at  scene -  f rom ambul ance c r ew/
p r e p a r a t i o n  scene t o  ambul ance p a t i e n t
-  i n  ambul ance
3.  Journey i n ambul ance
car e
4 .  T r a n s f e r  t o  ambul ance,
h o s p i t a l  h o s p i t a l , l o a d i n g
car e  bay ,  c o r r i d o r s ,
l i f t s ,  war ds ,
A S E d e p t .
5.  Equipment  H o s p i t a l  war d ,
p r e p a r a t i o n  A & E d e p t . ,
suppl y  room,  
ambu l a n c e .
The t r o l l e y  i s  on l y  used d u r i n g  s t eps  2 t o  5
3 . 2 . 5  The c a s u a l t y  h a n d l i n g  p r o c e d u r e  was exami ned i n  
g r e a t e r  d e t a i l  by p a r t i c i p a n t  o b s e r v a t i o n  as 
' c a s u a l t y '  dur i ng  a h a n d l i n g  d e m o n s t r a t i o n  and t h i s  
i s  i l l u s t r a t e d  i n f i g s .  4 t o  27 .  They show t h e
ambul ance c r ew/  
p a t i e n t ,  d o c t o r /  
n u r s e .
ambul ance c r ew/  
p a t i e n t , h o s p i t a l  
s t a f f .
ambul ance cr ew.
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Fig. 4
The stretcher tro lle y  in the inner (s itt in g ) position in the ambulance. Note 
the missing side arm.
Fig. 5
The prepared tro lle y  in the outer (nursing) position. Note the bent towing 
handle.
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Patient Handling Process
Step 1. The pa t ien t on the carry chair  is  loaded in to  the ambulance and 
then trans fe rred  from the cha ir  to the s tre tche r  t r o l l e y .  Note 
the d i f f i c u l t y  o f  l i f t i n g  backwards up the steps and the l im ited  
room fo r  moving w i th in  the ambulance.
Fig. 6
49
The patien t on the s tre tche r t r o l l e y  is  o ff- loaded from the 
ambulance using the side-loading method o f handling .
F ig. U
I BbShw# ^
Step 3. The s tre tche r  t r o l l e y  is  towed in to  the accident and emergency 
ward and the pa t ien t trans fe rred  to the hospital t r o l l e y .  Note 
the awkward length o f the towing handles and the height to which 
the p a t ie n t  has to be l i f t e d  onto the hospital t r o l l e y .
Fig. 14
Fig. 15
The a l te rn a t iv e  loading method - the end loading procedure. The un­
comfortable pos it ion  o f the ambulanceman a t the head end can be seen. 
Note also the de f lec t ion  in  the t r o l le y  frame.
Fig. 18
Fig. 21
Elevating the t r o l le y .  The pos it ion  of the ambulanceman's foot on the lower 
r a i l  can be seen.
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The t r o l le y  is  wheeled in  the elevated p os it ion  in to  the casualty 
department where a s l ide  trans fe r  to the hosp ita l t r o l l e y  is  ca rr ied  out. 
This was qu ite  comfortable.
Fig. 22 |
Fig. 25
Using the pole and canvas s tre tche r to trans fe r  a pa t ien t.  I t  f e l t  l i k e  
being caught in  a pa ir  o f  g ian t nutcrackers!
Fig. 26
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Fig. 27
This shows the layout o f an accident and emergency cubicle in a large 
general h osp ita l .  The hosp ita l t r o l le y  used here is  a f ixed  height and 
carr ies  an oxygen cy l ind e r .
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comp l e t e  h a n d l i n g  of  t h e  t r o l l e y  and c a s u a l t y  by 
ambul ance crews i n most of  t he  p o s i t i o n s  l i k e l y  t o  
be used d u r i n g  emergency wor k.  They a l s o  show 
some of  t h e  awkward p o s i t i o n s  and h a n d l i n g  l i f t s  
t h a t  a r e  r e q u i r e d  and d e mo n s t r a t e  t he  adva n t a g e s  
of  us i ng  an e l e v a t i n g  t r o l l e y .
3 . 2 . 6  Al t hough  t h e  use o f  t he  t r o l l e y  by h o s p i t a l  s t a f f  
was ment i oned  i n  one r e p o r t  which f ound t h a t  i n  
some a r e a s  ambul ance crews a r e  not  a l l o w e d  i n t o  t h e  
h o s p i t a l  wards and c o n s e q u e n t l y  t he  t r o l l e y  i s  
t a k e n  i n  by t h e  nurses who t hen have d i f f i c u l t y  i n  
o p e r a t i n g  t he  v a r i o u s  f e a t u r e s .  However ,  i t  was 
not  p o s s i b l e  t o  v e r i f y  t h i s  by p e r s o n a l  o b s e r v a t i o n  
because o f  t h e  d i f f i c u l t y  o f  o b t a i n i n g  access t o  
h o s p i t a l  p r e mi s e s .
3 . 2 . 7  T h i s  a n a l y s i s  p r o v i d e d  t h e  ergonomi c f ramewor k
a g a i n s t  which t he  probl ems i d e n t i f i e d  d u r i n g  t he
i n f o r m a t i o n  sear ch were e v a l u a t e d .  I t  a l s o  
f ormed t h e  b a s i c  s t r u c t u r e  f o r  t he  dev e l o pment  o f  
t he  p e r f o r ma n c e  s p e c i f i c a t i o n  a g a i n s t  whi ch bot h  
t he  e x i s t i n g  t r o l l e y  and t h e  new de s i g n  s o l u t i o n s  
can be ass e s s e d .
3 . 3  5 .  Probl em i d e n t i f i c a t i o n
3 . 3 . 1  From t he  pr ocess  r e p o r t s  i t  was p o s s i b l e  t o  e x t r a c t
t he  pr obl ems i d e n t i f i e d  and t o  t a b u l a t e  t h e s e  
a g a i n s t  t he  v i s i t s  made t o  o b t a i n  an i n d i c a t i o n  o f  
t h e i r  f r e q u e n c y  of  o c c u r e n c e .  Th i s  i s  shown i n  
T a b l e  2 and demonst r a t es  t h a t  though some f r e q u e n t  
probl ems have s e r i o u s  i m p l i c a t i o n s ,  o t h e r s  have 
ma i n l y  annoyance v a l u e  but  a r e  e q u a l l y  i m p o r t a n t  t o  
t he  comf or t  of  both crew and p a t i e n t .  However ,  
some pr obl ems occured so f r e q u e n t l y  t h a t  t h e y  were  
not  r e c o r d e d  at  eve r y  v i s i t  but  were assumed t o  be 
p r e s e n t .  A l l  t he  maj or  pr obl ems i d e n t i f i e d  ar e  
d i s c u s s e d  below i n groups r e l a t i v e  t o t h e  d i f f e r e n t  
f u n c t i o n s  or  components of  t h e  e x i s t i n g  t r o l l e y  
d e s i g n .
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Table 2
The following problems were identif ied  during the research from the v is its  made.
They are rated against the existing tro l le y  and the ergonomic framework under the 
following headings and are lis ted  in chronological order:-
Dangerous -  * * * *
Ineffective -  * * *
D if f ic u l t  -  * *
Discomfort *
The v is its  are numbered as in Table 1
Rating Problem identif ied_______ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
* *  Elevation use x x x x x x
* * * *  " s ta b i l i ty  x x x x x
* *  Locating in
ambulance x x x
* *  Towing handle x x  x x x  x x  x x x x
* * * *  Telescoping handle
caps x x  x x x x
* * * *  Elevation control &
lock x x  x x
*  Mattress -  cold x x
* * * *  " slippery x
* *  " cleaning x x
* * *  Use with other
stretchers x x
**  Patient handling
from building x
*  Trolley dimensions x x
* * *  Side arms x x x x x x
* *  Ambulance tro lley
locks x x x
* * * *  Backrest slipping x x x x x x
* *  " control x x
* Telescoping handles
operation x x x x
* Telescoping handles
wear x
* * * *  Telescoping handles x x
* *  Telescoping handles
length x x
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R a t i n g  P r o b l e m  i d e n t i f i e d _ _ _ _ _ _ 1 2 3 4 5 6 7 8  9 10 11 12  13  1 4  1 5  16
★ ★★ Fowler position-  
handle operation X X X X X X X X
Fowler position- 
handle position X
** Maintenance -  
cleaning X
★ Trolley flexing X X X X
Wheel locks X X X X X X X
* * * Trendelenberg
position X X X X X X X
* * * * Weight X X X X
Access to patient X
**★ Access to controls X X X X X
★ Side-loading grease X X X X
★ ★★ Carry handle position X
★★★*- Patient security X X X X X X
★★ Infusion bottle  -  
use of X X X X
Patient retaining  
straps <> X X X X X
* * Oxygen bottle holder X X X X X X
*★ Wheel dimensions X X X X
★ ★ Ride over ground X X X
** Cardiac monitor/ 
d e f ib r i l la to r X
★ Blankets catching X
* * * Tension pins loose X X
★ ★★ C.P.R. mattress also # X
Side arms -  padded X
Hyper-extension X
Ride in ambulance
★ ★★ Height in ambulance
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Fig. 28
The t r o l l e y  has been pulled out to show the wheel arch and heating u n it  
which i t  has to f i t  over. The locking bar can also be seen at the back 
under the backrest u n i t .
Fig. 29
The t r o l le y  has been pulled out to operate the Fowler's pos it ion .
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3 . 3 . 2  Ge n e r a l  probl ems
The e l e v a t i n g  s t r e t c h e r  t r o l l e y  i s  c o n s t r u c t e d  
f rom an a l umi n i um a l l o y .  Th i s  p r o v i d e s  a r e l a t i v e ­
l y  l i g h t  we i ght  m a t e r i a l  w i t h  a good f i n i s h  t h a t  
does not  r e q u i r e  p r o t e c t i o n ,  however ,  when t he  
a l umi n i um wears i t  pr oduces a g r ey  dust  t h a t  rubs 
o f f  ont o hands and c l o t h i n g  and e v e n t u a l l y  
a l umi n i um wear i ng  on a l umi n i um w i l l  b i n d ,  con­
s e q u e n t l y  s l i d i n g  members become d i r t y  and d i f f i c u l t  
t o  use a f t e r  wear .  T h i s  i s  a p a r t i c u l a r  pr obl em  
on t he  l ower  f rame where t he  e l e v a t i n g  mechanism 
s l i d e s  and,  though not  d a n g e r o u s ,  i t  i s  i n c o n v e n i e n t  
« when t he  ambul ance crew t hen  have t o  a t t e n d  t o  t h e
p a t i e n t  w i t h  d i r t y  hands.  Probl ems a l s o  a r i s e  
w i t h  t he  f a s t e n i n g  of  j o i n t s  i n  a l umi n i um and t h i s  
a f f e c t s  bot h t he  ma n u f a c t u r e  and de s i g n  of  t h e  
t r o l l e y .  For  i n s t a n c e ,  a l umi n i um i s  d i f f i c u l t  t o  
wel d ye t  i t  i s  n e c e s s a r y ,  because o f  t he  t e l e s c o p ­
i ng c a r r y  h a n d l e s ,  t o  t a c k  wel d t he  wheel  c a s t i n g s  
t o  t he  l ower  f r a me .  These wel ds a r e  weak and 
l i a b l e  t o  f r a c t u r e  as shown by t h e  number o f  
t r o l l e y s  r e t u r n e d  f o r  r e p a i r  w i t h  t h i s  f a u l t .  
Me c h a n i c a l  f i x i n g s  a l s o  have pr obl ems as s t e e l  
bei ng h a r d e r  wears t he  a l umi n i um and c o n s e q u e n t l y  
f i x i n g s  such as t e n s i o n  p i ns  work l oose and drop  
o u t .  Th i s  can r e s u l t  i n  l oose c a s t i n g s  and 
mi ss i ng  components.  For  e xa mpl e ,  f i g . 4 shows a 
t r o l l e y  w i t h  t he  s i d e  arms m i s s i n g .
3 . 3 . 3  The r e l a t i o n s h i p  between t h e  ambul ance body and t he  
t r o l l e y  causes many p r o b l e ms .  A l ack  o f  co­
o r d i n a t i o n  between body bui  I d e r s ,  ambul ance  
o f f i c e r s  and t he  t r o l l e y  m a n u f a c t u r e r s  f o r  a 
v a r i e t y  of  r eas ons ,  has r e s u l t e d  i n t he  space  
a l l o c a t e d  t o  t he  t r o l l e y  b e i n g  reduced t o  t he  
e x t e n t  t h a t  i t  i s  not  p o s s i b l e  t o  use c e r t a i n  
handl es  to o p e r a t e  some of  t h e  f e a t u r e s  w h i l e  t he  
t r o l l e y  i s  i n t he  ambul ance.  T h i s  i s  i l l u s t r a t e d  
i n f i g s .  28 & 29 where f i g . 28 shows t he  wheel  ar ch  
and h e a t i n g  u n i t  ove r  which t he  t r o l l e y  i s  f i t t e d .
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I t  a l s o  shows t he  l i m i t e d  space a v a i a l a b l e  t o  
t a k e  t h e  t r o l l e y -  F i g . 29 shows t he  o p e r a t i o n  of  
t h e  Fowl er s  p o s i t i o n  which because of  t h e  l ack  of  
space t he  t r o l l e y  has t o  be r e l e a s e d  t o  o p e r a t e  i t .  
I t  i s  a l s o  d i s t u r b i n g  t h a t  no accommodat i on i s  
be i ng  made f o r  t he  g e n e r a l  i n c r e a s e  i n s i z e  o f  t he  
p o p u l a t i o n .  Peopl e  ar e  gr owi ng t a l l e r  and h e a v i e r  
and i t  i s  d i f f i c u l t  t o  accommodate a 6 '  man on t he  
e x i s t i n g  t r o l l e y  as h i s  f e e t  p r o j e c t  o v e r  t h e  end,  
and t h e  s i t u a t i o n  i s  a g g r a v a t e d  where t h e  c a s u a l t y  
has h i s  l eg encased i n  a f u l l  l eg p l a s t e r  w i t h  a 
h e e l .  These cases ar e  d i f f i c u l t  t o  handl e  and 
can i n  some cases on l y  j u s t  be accommodated i n  t he  
ambul ance .  S i m i l a r l y  t h e r e  was concer n t h a t  t he  
p r e s e n t  wi d t h  o f  t he  t r o l l e y  i s  t oo nar r ow and 
causes d i s c o m f o r t  t o  t he  l a r g e r  p a t i e n t ,  p a r t i c u l a r ­
l y  women w i t h  l a r g e r  h i p s .  The sev er e  l ack  o f  
wor k i n g  space around t he  t r o l l e y  r e s t r i c t s  access  
t o  t h e  p a t i e n t  and l i m i t s  t h e  use of  o t h e r  t ypes  
of  s t r e t c h e r  which coul d o t h e r w i s e  be p l a c e d  on 
t he  t r o l l e y .  For i n s t a n c e ,  i t  shoul d be p o s s i b l e  
t o  l e a v e  a p a t i e n t  on a F e r l e y  s t r e t c h e r  on t op o f  
t he  t r o l l e y  t o  reduce t h e  number of  t r a n s f e r s  
bet ween equi pment  but  t h i s  i s  not  p o s s i b l e  as t he  
F e r l e y  s t r e t c h e r  handl es  p r o j e c t  beyond t h e  t r o l l e y  
ends and w i l l  not  f i t  i n t o  t he  space p r o v i d e d .
3 . 3 . 4  Ther e  a r e  o t h e r  d i f f i c u l t i e s  a r i s i n g  f rom t h e  use 
of  t h e  t r o l l e y  i t s e l f .  Concern was e x p r e ssed  
about  t h e  f l e x i n g  of  t he  f rame but  t h i s  i s  w i t h i n  
t he  t o l e r a n c e s  set  out  i n BS.  896 ( 1 9 ) .  Ther e  
were c o mp l a i n t s  about  t he  b l a n k e t  f a l l i n g  t h r o u g h  
t he  l o n g i t u d i n a l  f ramework o f  t he  t r o l l e y  t op  and 
snaggi ng i n  t he  e l e v a t i n g  mechanism and t he  
d i f f i c u l t y  of-  c l e a n i n g  t h i s  mechanism.  The r e  was 
a l s o  a c o mp l a i n t  about  t he  d i f f i c u l t y  of  i d e n t i f y ­
i ng t he  head and f o o t  ends of  t he  t r o l l e y  as t h e r e  
i s  a r i s k  of  p l a c i n g  t he p a t i e n t  on t he  wrong way 
round sho u l d  t he  t r o l l e y  be r e v e r s e d  i n t he  
ambul ance .  However ,  t he  we i ght  of  t he  t r o l l e y
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was per haps t he  most f r e q u e n t l y  ment i oned  p r o b l e m.  
The e l e v a t i n g  t r o l l e y  i s  h e a v i e r  t hen  t he  non­
e l e v a t i n g  models and when added t o  t he  we i g h t  of  
t he  c a s u a l t y  t he  t o t a l  we i g ht  i s  c o n s i d e r a b l e .
I t  i s  i mp o s s i b l e  under  t h e s e  d i r c u ms t a n c e s  f o r  a 
two man crew t o  remai n w i t h i n  t he  recommended 
l i f t i n g  l i m i t s  and shoul d somet hi ng go wrong 
d u r i n g  t he  l i f t i n g  pr ocess i t  i s  p o s s i b l e  t h a t  a 
crew member would r i s k  i n j u r y .
3 . 3 . 5  E l e v a t i n g  Mechanism
Th i s  c o n s i s t s  o f  two p a i r s  o f  l egs p i v o t e d  a t  t he  
c e n t r e  t o  form a s c i s s o r  t y p e  mechanism as shown 
i n  f i g . 30 and c o n t r o l l e d  by a r a t c h e t  l o c a t e d  
under  t he  top f rame as shown i n  f i g . 3 1 ,  which  
e n a b l e s  t he  t r o l l e y  bed t o  be l ocked a t  v a r i o u s  
h e i g h t s .  When used i n t h e  e l e v a t e d  p o s i t i o n  
t h e r e  i s  b e t t e r  c o n t r o l  o v e r  t h e  movement o f  t h e  
t r o l l e y  and i t  enab l es  t h e  ambul ance crew t o  ma i n ­
t a i n  c o n t a c t  w i t h  t h e i r  c a s u a l t y  which can be l o s t  
when t he  t r o l l e y  i s  towed a t  s i t t i n g  h e i g h t .
Whee l i ng  t he  t r o l l e y  at  t h e  e l e v a t e d  h e i g h t  was 
found by Woodham ( 7 )  t o  g i v e  a more r e a s s u r i n g  
f e e l i n g  t o  t he p a t i e n t  t han when t h e y  were whee l ed  
at  f l o o r  l e v e l .  U n f o r t u n a t e l y ,  however ,  due t o  
an i n c i d e n t  w h i l e  i n  use t he  u t i l i z a t i o n  o f  t h e  
e l e v a t i n g  p o s i t i o n  when wh e e l i n g  t he  t r o l l e y  f rom 
t he  ambul ance i n t o  t he  h o s p i t a l  has been banned i n  
some a r e a s .  Crews ar e  s t i l l  a l l o w e d  t o  use i t  t o  
a s s i s t  i n t he t r a n s f e r  t o  t he  h o s p i t a l  t r o l l e y  i n  
t h e  c a s u a l t y  d e p a r t me n t ,  but  a r e  u n l i k e l y  t o  do so 
as t h e y  f e e l  t h i s  i n v o l v e s  an e x t r a  l i f t .  How­
e v e r ,  i t  was p o s s i b l e  t o  o b t a i n  i n f o r m a t i o n  on t h e  
pr obl em from crews who s t i l l  use t he  e l e v a t i n g  
mechanism or  who used i t  b e f o r e  t he  ban was i mposed.
3 . 3 . 6  The s t a b i l i t y  of  t he t r o l l e y  when e l e v a t e d  caused  
concern i n many crew members who f e l t  t h a t  i t  d i d  
not  appear  s t a b l e  enough.  One ambul ance man 
s t a t e d  e m p h a t i c a l l y  t h a t  hav i ng  used t he  e l e v a t i n g
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mechanism t o  t r a n s p o r t  a 30 st one man he would  
never  use i t  a g a i n !  T h i s  we i g ht  i s  e x c e s s i v e  f o r  
t he  t r o l l e y  and most  ambul ance crews agr eed  t h a t  
i t  was e a s i e r  t o  wheel  t h e  t r o l l e y  when e l e v a t e d  
and s i m p l e r  t o  t r a n s f e r  t h e  c a s u a l t y  bet ween  
t r o l l e y s  when t he  h e i g h t s  were mat ched.  However ,  
t h e r e  have been pr obl ems w i t h  c o n t r o l  o f  t he  
e l e v a t i n g  mechanism whi ch i s  d i f f i c u l t  t o  c o n t r o l  
i n  des cent  w i t h  a heavy l oad as t he  r a t c h e t  can 
s k i p  ove r  t he  l o c k i n g  p i n  w i t h o u t  l o c a t i n g .  The 
r a t c h e t  can a l s o  s l i p  when worn or  s e i z e  up i f  t he  
l o c k i n g  p i n  s h e a r s .  The c o n t r o l  of  t h e  e l e v a t i n g  
mechanism i s  f u r t h e r  c o m p l i c a t e d  by t h e  two 
o p e r a t i n g  h a n d l e s .  Of t h e s e , o n e  a t  t h e  s i d e  i s  
u s a b l e  exc ept  when t h e  t r o l l e y  i s  i n  t he  T r e n d e l e n -  
ber g p o s i t i o n ,  t hough i t  i s  somet i mes s t i f f  and 
d i f f i c u l t  t o  r e l e a s e .  The end handl e  a t  t h e  f o o t  
i s  f r a g i l e  and e a s i l y  bent  and i s  u s u a l l y  found  
p o i n t i n g  down i n s t e a d  of  h o r i z o n t a l ,  i t  i s  a l s o  
s u b j e c t  t o  damage by t h e  Fowl er  p o s i t i o n  han d l e  
and s l i d e s .  When e l e v a t i n g  t h e  t r o l l e y  bed i t  i s  
n e c e s s a r y  t o  c o n t r o l  t he  t r o l l e y  l ower  f rame by 
kee p i n g  one f o o t  on t he  l ower  s i d e  b a r .  T h i s  i s  
a poor  l i f t i n g  p o s i t i o n  f o r  t he  crew members and 
r e s u l t s  i n  t he  l ower  bar  becoming bowed caus i ng  
t he  e l e v a t i n g  mechanism s l i d e  t o  b i nd  and pr obl ems  
w i t h  t he  t e l e s c o p i n g  c a r r y i n g  h a n d l e s .
3 . 3 . 7  Ba c k r e s t
Th i s  i s  a moving s e c t i o n  o f  t he  t r o l l e y . t o p  p i v o t e d  
at  t he  i n n e r  end and s u p p o r t e d  by a s i n g l e  
t e l e s c o p i n g  t ube and p i n  l ock as shown i n f i g . 32 .
I t  i s  used c o n s t a n t l y  when c a r r y i n g  p a t i e n t s  as 
most l i k e  t o  be s u p p o r t e d .  However ,  i t  i s  
d i f f i c u l t  t o  r a i s e  f rom t he  h o r i z o n t a l  p o s i t i o n  as 
t h e r e  i s  no access t o  t h e  handl e  under  t he  f rame so 
i t  i s  u s u a l l y  l e f t  i n t he  2nd or  3r d not ch up.
Ther e  i s ,  however ,  a v e r y  r e a l  danger  of  t r a p p i n g  
f i n g e r s  or  hand when r a i s i n g  or  l o we r i n g  t he  b a c k -
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r e s t  w i t h  a we i g h t  on i t .  Due t o  t he  s i n g l e  
c e n t r a l  s u p p o r t ,  when t r a v e l l i n g  i t  has been n o t i c e d  
t h a t  t h e r e  i s  a t endancy  t o  s i deways movement and 
a bent  sup por t  p i n  has been o b s e r v e d .  S a f e t y  i s  
aga i n  a pr obl em and t h e r e  a r e  r e p o r t s  of  t h e  p i n  
s l i p p i n g  when wor n,  a l l o w i n g  t he  b a c k r e s t  t o  f a l l  
caus i ng f u r t h e r  shock and r i s k  o f  i n j u r y  t o  t he  
pat  i e n t .
3 . 3 . 8  Si de R a i l s
These p i v o t  about  t he  t op f rame s i d e s  as shown i n  
f i g . 33 and shoul d p r o v i d e  p r o t e c t i o n  t o  p r e v e n t  
p a t i e n t s  f a l l i n g  out  s i d e wa y s .  F i g . 34 shows t he  
t r o l l e y  w i t h  t he  r a i l s  up.  However ,  as a l s o  
f ound by Snook ( 1 1 )  t h e y  a r e  n e i t h e r  long enough 
nor  h i gh enough t o  p r o v i d e  ade qua t e  s a f e t y  f o r  a 
s e m i - r e c l i n i n g  p a t i e n t  and on d i s c u s s i o n  of  t h i s  
pr obl em one ambul ance man r e m a r k e d : -
"We spend 90% of  our  t i me  h o l d i n g  t he  p a t i e n t  
i n  w h i l e  c o r n e r i n g ,  e s p e c i a l l y  i f  t r a v e l l i n g  
f a s t . "
When on * 9 9 9 '  d u t i e s  i t  was p o s s i b l e  t o  obs er ve  
p a t i e n t s  r e a c t i o n s  t o t hese  and many were f ound  
t o  be ner vous e i t h e r  h o l d i n g  t he  arm o r ,  i n  one 
i n s t a n c e ,  a cor o n a r y  p a t i e n t  n e r v o u s l y  gr abbed t he  
r a i l  above t he  sea t  back r e s t s  f o r  f e a r  o f  f a l l i n g  
o u t .  Anot her  case i n v o l v e d  a g y n a e c o l o g i c a l  
p a t i e n t  i n ve r y  sev er e  p a i n  who t r a v e l l e d  on her  
back w i t h  knees drawn up t i g h t ,  and had t o  be 
s t e a d i e d  a l l  t he  t i me  t o p r e v e n t  her  f a l l i n g  o u t .  
There ar e  numerous o t h e r  exampl es but  t he  h e i g h t  
of  t h e  s i d e  r a i l s  i s  d e t e r mi n e d  by t he  d e s i g n  o f  
both t he  t r o l l e y  and t he  ambul ance .  For  exampl e  
i n  some ambul ances i t  i s  o n l y  p o s s i b l e  t o  put  t he  
t r o l l e y  i n t he  i n n e r  ( s i t t i n g  case)  p o s i t i o n  as 
shown i n f i g . 4 i f  t he  r a i l  i s  u p r i g h t  as i t  w i l l  
not  f i t  over  t he  wheel  a r c h .  I n  o t h e r  cases t he  
t r o l l e y  w i l l  o n l y  go in w i t h  t he  r a i l  down as 
when up i t  w i l l  not  f i t  under  t he  sea t  b a c k r e s t .
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When down t he  r a i l  l i e s  a g a i n s t  t he  l ower  bar  of.  
t h e  t r o l l e y  f rame caus i ng  a gr oove t o be worn i n  
t he  f rame weakeni ng i t  and because o f  t h i s  t he  
r a i l s  a l ways p r o j e c t  out  a t  t h e  s i d e s .  Th i s  can 
be seen i n  f i g s .  35 & 36 .  The new v e r s i o n  of  t he  
e l e v a t i n g  t r o l l e y  c a r r i e s  a l umi n i um s h e e t e d ,  padded  
s i d e  r a i l s .  These c r e a t e  an a d d i t i o n a l  pr obl em  
i n  t h a t  t h e y  r e s t r i c t  t he  w i d t h  o f  t he  t r o l l e y  
caus i ng  d i s c o m f o r t  t o  l a r g e  p a t i e n t s  whereas i n  
t he  e x i s t i n g  t r o l l e y  t he  r a i l s  a r e  open and p a r t s  
of  t h e  c a s u a l t y  can be accommodated bet ween t he  
s i d e s .  C a s u a l t i e s  a l s o  e x h i b i t  i n c r e a s e d  n e r v o u s ­
ness as t h e y  a r e  unabl e  t o  f i n d  any h o l d i n g  a r e a .  
The s i d e  r a i l s  a r e  p r o b a b l y  t h e  one component  i n  
t h e  t r o l l e y  o f  which t he  p a t i e n t  i s  most consc i ous  
and t h e y  cause t he  g r e a t e s t  d i s p l a y  o f  a n x i e t y  and 
n e r v o u s n e s s .
3 . 3 . 9  C a r r y i n g  Handl es
These t e l e s c o p e  i n t o  t he  ends o f  t h e  l ower  f rames  
and one of  t h e  maj or  pr obl ems w i t h  them a r i s e s  
f rom t h i s .  F i g . 35 shows t h e  handl es  e x t end ed  
wi t h  t h e  screw caps v i s i b l e .  F i g . 36 shows t he  
handl es  i n  s t o r a g e  p o s i t i o n  and t h e  r i v e t  i n  t h e  
p l a s t i c  handl e  end can be c l e a r l y  seen.  When t he  
t r o l l e y  i s  e l e v a t e d  t he  crew u s u s a l l y  s t a b i l i z e  i t  
by p l a c i n g  a f o o t  on t he  l ower  f r a me ,  as 
demo n s t r a t e d  i n  f i g . 22 o f  t h e  h a n d l i n g  e x c e r c i s e ,  
e v e n t u a l l y  caus i ng permanent  bowi ng.  Th i s  i n  
t u r n  p r e v e n t s  p r o p e r  easy movement of  t he  t e l e s c o p ­
i ng handl es  which i s  made c o n s i d e r a b l y  worse by 
t he  a c c u mu l a t i o n  of  d i r t  and gr eas e  i n  t he  s l i d i n g  
u n i t s .  As a r e s u l t  o f  t h i s  t he  handl es  s t i c k  
causi ng sudden movement o f  t h e  t r o l l e y  and a n x i e t y  
t o  t he  c a s u a l t y .  There  a r e  a l s o  f u r t h e r  pr obl ems  
w i t h  t hese  handl es  r e s u l t i n g  f rom t he m a n u f a c t u r ­
i ng d e t a i l s .  For i n s t a n c e  t h e r e  were r e p o r t s  of  
t he  c a p s , f i g . 3 5 ,  t h a t  r e t a i n  t he  handl es  i n t he  
l ower  f r a me ,  wor k i ng l oose a l l o w i n g  t he  han d l e  t o
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come c o m p l e t e l y  out  when p u l l e d .  S i m i l a r l y ,  t h e  
p l a s t i c  handl e  ends ,  f i g . 3 5 ,  are r e t a i n e d  by a 
s i n g l e  r i v e t  and r e p e a t e d  wear  e v e n t u a l l y  causes  
t h i s  t o  f a l l  out  and t he  ends t o  come o f f .  Th i s  
al ways seems t o occur  when about  t o  l i f t  t he  
t r o l l e y  w i t h  c a s u a l t y  out  of  t he  ambulance caus i ng  
g r e a t  a n x i e t y  t o  t h e  ambulanceman and t he  r i s k  of  
i n j u r y  t o  both him and t h e  p a t i e n t .  C o n s i d e r a b l e  
concern was exp r e ssed  ove r  t he  f l e x i b i l i t y  of  t he  
handl es  which appear  t o  bend when l i f t i n g  a l oad  
a l t h ough  t h e r e  have been no r e p o r t s  of  f a i l u r e .
The handl es  can a l s o  r o t a t e  i n t he  f rame and cause  
a f e e l i n g  o f  i n s e c u r i t y  which i s  e x a c e r b a t e d  by 
the c o n s t r u c t i o n  o f  t he  t r o l l e y  i n which t he  
handl es a r e  p l a c e d  bel ow t h e  c e n t r e  of  g r a v i t y  o f  
both t he  t r o l l e y  and t he  we i g ht  on i t .  T h i s  
causes a f e e l i n g  o f  i n s t a b i l i t y  when l i f t i n g  t he  
t r o l l e y  f rom t he  ends and un l ess  car e  i s  m a i n t a i n e d  
d u r i n g  a l i f t ,  or  shoul d t h e  p a t i e n t  make a sudden 
movement ,  t h e r e  i s  danger  o f  t he  t r o l l e y  o v e r ­
t u r n i n g .
3 . 3 . 1 0  Towing Handl es
These a re l i g h t w e i g h t  t u b u l a r  handl es t e l e s c o p i n g  
w i t h i n  t h e i r  own l e n g t h  f o r  s t o r a g e  and a t t a c h e d  by 
s i mpl e  c a s t i n g s  t o  t he  head and f o o t  of  t he  t r o l l e y .  
When r e l e a s e d  t h e  handl e  f a l l s  i n t o  a v e r t i c a l  
p o s i t i o n ,  t hen when i n use i t  i s  p u l l e d  out  t o  f u l l  
l engt h  as shown i n f i g . 36 and can swi v e l  t o  any 
p o s i t i o n  w i t h i n  1 8 0 ° .  Of t he  c r i t i c i s m s  made and 
probl ems ment i oned t hese  were t he  most f r e q u e n t  
and though not  dangerous t h e y  were c o n s i d e r e d  t h e  
most a n n oy i ng .  Many of  t h e  pr obl ems,  howeve r ,  
a r i s e  f rom t he  "mi suse"  o f  t hese  handl es whi ch a r e  
used t o  l i f t  or  l ower  t he  unl aden t r o l l e y  i n t o  or  
out  of  t he ambul ance ,  though t h i s  i s  not  recommend­
ed by t he m a n u f a c t u r e r ,  however ,  t hey a r e  j u s t  t h e  
r i g h t  l engt h  f o r  t h i s .  These handles ar e  o f t e n  
bent  as seen in f i g .  5 of  t he  handl i ng  e x e r c i s e
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as a consequence of  be i ng  f o r c e d  f o r wa r d  a g a i n s t  
t he  t r o l l e y  f rame when pushi ng i t .  T h i s  p r e v e n t s  
them f rom t e l e s c o p i n g  r e s u l t i n g  i n f u r t h e r  damage 
as t h e  t r o l l e y  i s  used w i t h  t he  handl e  l e f t  e x ­
t e n d e d .  They can a l s o  be bent  as a r e s u l t  o f  t he  
r e l a t i o n s h i p  of  t h e  t r o l l e y  wi t h  t he  ambul ance as 
t h e r e  i s  somet i mes i n a d e q u a t e  room f o r  t he  ha n d l e  
when down so i t  i s  l e f t  up.  Th i s  a g a i n  i s  c l e a r l y  
d e mo n s t r a t e d  i n f i g . 5 o f  t h e  h a n d l i n g  e x e r c i s e  
where bot h t owi ng  handl es  a r e  up.  Ver y  o f t e n  t he  
handl e  a t  t h e  head of  t h e  t r o l l e y  has been removed 
as some ambulancemen compl a i n  of  i t  c a t c h i n g  on 
t h e i r  h e e l s  when c a r r y i n g  t he  head end,  p a r t i c u l a r ­
l y when us i ng  t h e  e n d - l o a d i n g  method i n t o  t h e  
ambul ance or  when c a r r y i n g  up s t e p s .  C o mp l a i n t s  
were a l s o  made t h a t  when g u i d i n g  t he  t r o l l e y  round  
c o r n e r s  t he  handl e  can s p r i n g  out  o f  t h e  c a s t i n g s  
o r ,  i f  wor n,  i t  can br eak  o f f .  Ther e  were a l s o  
c o m p l a i n t s  by some crew members t h a t  t h e  h a n d l e s  
ar e  t oo s h o r t  t o  a l l o w  them t o  s t and upr i g ' h t  when 
t owi ng  t h e  t r o l l e y ,  but  t h i s  depended on t h e  h e i g h t  
of  t h e  crew member i n v o l v e d .
3 . 3 . 1 1  Fow le r 1s Pos i t  i on
The knee con t o u r  p o s i t i o n  i s  m a i n t a i n e d  by me c h a n i c ­
a l l y  e l e v a t i n g  a s e c t i o n  o f  t h e  t r o l l e y  bed u s i n g  a 
screw t h r e a d  o p e r a t e d  by a handl e  a t  t he  f o o t  of  
t he  t r o l l e y .  T h i s  i s  shown i n f i g . 37 .  I t  was 
v e r y  d i f f i c u l t  t o  assess t h i s  f e a t u r e  as i t  was 
never  used d u r i n g  t he  o b s e r v a t i o n  p e r i o d s  and i t s  
use v a r i e s  bet ween a r e a s .  I t  was r e p o r t e d  more 
o f t e n  used i n  a r eas  where t he  j o u r n e y  t i me s  were  
c o n s i d e r a b l y  l onger  t han normal  f o r  a c a l l  out  i n  
an urban a r e a .  However ,  p r o b a b l y  t he  f a c t o r s  
c o n t r i b u t i n g  most t o  i t s  non- use ar e  t he  i m p o s s i ­
b i l i t y  of  o p e r a t i n g  t h i s  f e a t u r e  once t he  t r o l l e y  
i s  i n  t h e  ambul ance because of  t he  l ack  of  room f o r  
usi ng t he  h a n d l e .  One ambulanceman r e p o r t e d  t h a t  
he had t o unl ock  t he  t r o l l e y  t o  o p e r a t e  t h i s  
f e a t u r e ,  as d emo n st r a t ed  i n  f i g . 2 9 ,  t hen r e - l o c k
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i t  i n t o  p o s i t i o n -  Ot her s  r e p o r t e d  t h a t  t h e  screw  
t h r e a d  i s  s t i f f  and ve r y  d i f f i c u l t  to o p e r a t e  w h i l e  
s u p p o r t i n g  a we i g ht  and t he  o p e r a t i n g  han d l e  rubs  
a g a i n s t  t he  t owi ng  handl e  c a t c h i n g  t he  f i n g e r s  of  
t he  o p e r a t o r -  Because of  t hese  p r o b l e ms ,  r e p o r t s  
suggest  t h a t  t h i s  p o s i t i o n  i s  m a i n t a i n e d  now,  
where n e c e s s a r y ,  by t he  use of  r o l l e d  b l a n k e t s .  
However ,  t h i s  p o s i t i o n  coul d be a u s e f u l  and p a i n -  
r e l i e v i n g  f e a t u r e  f o r  abdomi nal  or  g y n a e c o l o g i c a l  
cases i f  p r o p e r l y  suppor t ed  and made u s a b l e  i n a 
moving ambul ance-
3 - 3 . 1 2  Tr ende l en b er g  P o s i t i o n
Th i s  f e a t u r e  a l l o w s  t he  t r o l l e y  t o  be t i l t e d  a t  an 
a n g l e  of  10°  -  15°  t o  t he  h o r i z o n t a l ,  as shown i n  
f i g - 3 8 ,  e n a b l i n g  p a t i e n t s  w i t h  head i n j u r i e s  or  
who r e q u i r e  d r a i n a g e  t o  be ma i n t a i n e d  i n  t h e  p r o p e r  
p o s i t i o n -  I t  was a g a i n  found t h a t  t h i s  f e a t u r e  
i s  r a r e l y  used i n  some a r eas  but  r e p o r t e d  used i n  
o t h e r s  where l o n g e r  j o u r n e y  t i mes  a r e  n o r ma l .  
F a c t o r s  c o n t r i b u t i n g  t o  i t s  p r o b a b l e  non- use  a r e  
a g a i n  t h e  a l most  i m p o s s i b i l i t y  o f  o p e r a t i n g  t h i s  
f e a t u r e  w i t h  t he  t r o l l e y  l ocked i n t o  p o s i t i o n  i n  
t h e  ambul ance-  Access t o  t he  handl es  i s  d i f f i c u l t  
and i f  worked f rom one s i d e  t he  s l i d e  does not  
l o c a t e  and l ock p r o p e r l y -  F i g . 39 shows t he  
suppor t  and h a n d l e ;  t he  c l oseness  of  t he  components  
can be seen even when out  of  t he  ambul ance-  Fears  
were expr essed  t h a t  t he  suppor t  coul d be j e r k e d  out  
a l l o w i n g  t he  t r o l l e y  top t o drop and t h e r e  was a l s o  
concern t h a t  c a s u a l t i e s  coul d s l i d e  o f f  t he  head 
end d u r i n g  t r a v e l  and i n t o  t he  cupboard or  b u l k ­
head-  Th i s  a ga i n  coul d be a v e r y  u s e f u l  p o s i t i o n  
f o r  m i n i m i z i n g  shock i n c a s u a l t i e s  i f  made u s a b l e  
i n t he  ambul ance-
3 . 3 - 1 3  C a r d i o - P u l mo n a r y  R e s u s c i t a t i o n  ( C . P - R)
Th i s  ena b l e s  t he  head t o  be t i l t e d  back ,  as shown 
i n  f i g . 4 0 ,  t o keep t he a i r wa y  c l e a r  and p r o v i d e s  a
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hard s u r f a c e ,  a f t e r  removal  of  t he  m a t t r e s s  p a d d i n g ,  
f o r  c a r d i a c  massage-  I t  was not  p o s s i b l e  t o  
e v a l u a t e  t h i s ,  howeve r ,  as i t  i s  on l y  a v a i l a b l e  on 
c e r t a i n  t r o l l e y s  and obser ved i n  on l y  two s t a t i o n s  
f rom whom t h e r e  were no r e p o r t s  o f  i t  be i n g  used.  
Concern was e x p r e ssed  t h a t  i t  would t a k e  t oo  l ong  
t o  o p e r a t e  as t he  pr o c e d u r e  i n v o l v e d  s e v e r a l  
s e p a r a t e  a c t i o n s  and a ga i n  more use i s  l i k e l y  t o  be 
made o f  b l a n k e t  r o l l s  t o  m a i n t a i n  an open a i r w a y  
t han  o f  t h e  f e a t u r e  p r o v i d e d .  Ca r d i a c  massage 
would p r o b a b l y  be per f or med on t he  ambul ance f l o o r  
as t i me  i s  v i t a l  i n  t hese  cases.  T h i s  f e a t u r e ,  
howeve r ,  would be l i f e - s a v i n g  i f  made e a s i l y  and 
q u i c k l y  u s a b l e ,  as a i r w a y  mai nt enance  i s  v e r y  
i m p o r t a n t  w i t h  any unconsci ous c a s u a l t y  who can 
s u f f o c a t e  as a r e s u l t  of  t h e  t onge f a l l i n g  back  
u n l e s s  t h e  head i s  he l d  bac k ,  t o  keep t h e  t ongue  
f o r w a r d .  McDonal d ,  Bank & Ledingham a t  ( 3 )  f ound  
t h a t  l ack  of  a t t e n t i o n  t o  t he  a i r wa y  l e a d i n g  t o  
o b s t r u c t i o n  and a s p i r a t i o n  c o n t r i b u t e d  t o  t h e  
m o r t a l i t y  r a t e .  These a r e  p r e v e n t a b l e  f a c t o r s .
3 . 3 . 1 4  M a t t r e s s
Ther e  a r e  two t ypes  o f  ma t t r e s s  i n use .  The 
normal  m a t t r e s s  i s  cont our ed  and made o f  dense  
f i r e - r e s i s t a n t  foam w h i l e  t h e  C . P . R .  m a t t r e s s  f o r  
use w i t h  t he  ' Supe r  4 '  t r o l l e y s  w i t h  C . P . R .  
f e a t u r e s  i s  f l a t  and t h i n n e r .  The co n t o u r e d  
m a t t r e s s  i s  used i n  t he  m a j o r i t y  of  ambul ances and 
was r e p o r t e d  c o m f o r t a b l e  a l t h o u g h  t h e r e  were some 
c o m p l a i n t s  of  f e e l i n g  t he  bars  of  t he  t r o l l e y  t op  
t h r ough t he  m a t t r e s s .  However ,  i t  i s  v e r y  c o l d  
and one ambulanceman s t a t e d  t h a t  he found i t  
d i f f i c u l t  t o  a c h i e v e  some warmth on t he  m a t t r e s s  
even wi t h  b l a n k e t s  over  i t ,  e s p e c i a l l y  when c a r r y ­
i ng h yp ot h er mi a  cases .  The f l u t i n g  in t he  c e n t r e  
of  t he  m a t t r e s s  can be d i f f i c u l t  to c l e a n  and i t  
i s  a c o m p a r a t i v e l y  heavy component  (7Kg)  of  t he  
t o t a l  t r o l l e y  w e i g h t .  Length i s  a ga i n  a pr ob l em
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and i t  was r e p o r t e d  i nad e q u a t e  t o accommodate a 
6 '  p e r s o n .  The C . P . R .  ma t t r e s s  i s  o n l y  2" t h i c k  
a g a i n s t  t he  2" c e n t r e  and 4" s i d e  of  t h e  c o n t o u r e d  
m a t t r e s s .  I t  was found easy t o  c l e a n  as i t  i s  
f l a t  and smooth but  t h e r e  were r e p o r t s  of  p a t i e n t s  
s l i d i n g  on t he  smooth s u r f a c e  caus i ng a s e c u r i t y  
pr obl em when t r a v e l l i n g .  I t  was c o n s i d e r e d  t oo  
sl ow t o  use t he  C . P . R .  system as t h i s  r e q u i r e s  t h e  
i n n e r  cush i on  under  t he head of  t he  m a t t r e s s  t o  be 
removed b e f o r e  c a r d i a c  massage can be p e r f o r m e d .
3 . 3 . 1 5  Wheel  U n i t s
The wheel s  used on t he e x i s t i n g  t r o l l e y  a r e  v e r y  
r o b u s t  but  a l s o  v e r y  heavy.  Ambulancemen r e p o r t e d  
poor  r i d e  over  rough ground due t o  t h e  s ma l l  d i a ­
met e r  ( 5 " )  and nar row t y r e  wi d t h  1" o f  t he  wheel s  
nor  i s  i t  p o s s i b l e  t o  wheel  t h e  t r o l l e y  on gr ass  
or  s o f t  g r ound.  The wheel s may be s u b j e c t e d  t o  
shock l o a d i n g s  when t he  t r o l l e y  i s  dropped out  o f  
t h e  ambul ance d u r i n g  unl aden h a n d l i n g  r e s u l t i n g  i n  
c r a c k e d  c a s t i n g s  and f u r t h e r  weakeni ng t he  wel d  
bet ween t he  c a s t i n g  and t he  l ower  f rame ment i oned  
e a r l i e r .  However ,  t he  main c o mp l a i n t  about  t he  
wheel s  when us i ng t he  t r o l l e y ,  was t he  i n e f f e c t i v e ­
ness of  t h e  br ake  l o c k s .  When worn t hese  br ake  
l ocks  do not  hol d when r e q u i r e d  a l l o w i n g  t he  
t r o l l e y  t o  r o l l ,  nor  i s  i t  easy t o  d e c i d e  f rom t h e  
p o s i t i o n  of  t he  br ake  l e v e r  whet her  t h e  l ock i s  on 
e x c e p t  by us i ng t r i a l  and e r r o r  met hods.  The 
s w i v e l  f e a t u r e  on t he  wheel s f u r t h e r  c o m p l i c a t e d  
t he  use o f  t he  br ake  l ock as when t he  wheel  r o t a t e d  
i nwar ds  t h e  l ock l e v e r  became d i f f i c u l t  to use .
T h i s  a g a i n  i s  a n o t h e r  f e a t u r e  t h a t  i s  r a r e l y  used 
because of  t he  d i f f i c u l t y  of  o p e r a t i n g  i t  and most  
crews w i l l  s i mpl y  get  a b y s t a n d e r  t o  s t e a d y  t he  
t r o l l e y  i n s t e a d  of  t r y i n g  t o use t he  b r a k e s .
3 . 3 . 1 6  A c c e s s o r i e s
Many crews f e l t  t h e r e  was a need f o r  f a c i l i t i e s  t o  
be p r o v i d e d  t h a t  would enabl e  an i n f u s i o n  b o t t l e
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or  bag t o  be c a r r i e d  on t h e  t r o l l e y ,  an oxygen  
or  Entonox b o t t l e  t o  be accommodated and i n some 
a r eas  f a c i l i t i e s  f o r  a c a r d i a c  mo n i t o r  and 
d e f i b r i l l a t o r .  At  p r e s e n t ,  a l t h o u g h  a c c e s s o r i e s  
a r e  a v a i l a b l e  t o accommodate an i n f u s i o n  b o t t l e /  
bag and oxygen b o t t l e  t h e s e  a r e  e i t h e r  not  p r o v i d e d  
i n  t he  ambulance or  i f  used t h e y  can make h a n d l i n g  
t he  t r o l l e y  d i f f i c u l t  as t h e y  clamp t o  t he  s i d e  
r a i l s .  Co n s e q u e n t l y ,  i f  oxygen or  Entonox i s  
needed t h e  b o t t l e  i s  c a r r i e d  on t he  t r o l l e y  bet ween  
t h e  p a t i e n t ' s  l egs or  at  one s i d e  and i f  an 
i n f u s i o n  d r i p  i s  set  up t hen an a d d i t i o n a l  per son  
i s  needed t o  c a r r y  t h i s ,  u s u s a l l y  a n u r s e ,  t hough  
i t  was p o i n t e d  out  t h a t  she has o t h e r  t h i n g s  t o  do.  
So f a r  t h e r e  does not  appear  t o  have been any 
p r o v i s i o n  made f o r  t he  use and c a r r i a g e  of  c a r d i a c  
m o n i t o r s  and d e f i b r i l l a t o r s  and t h e s e  have t o  be 
accommodated on t he  p a t i e n t ' s  l egs o r  b a l a n c e d  on 
t h e  end o f  t h e  t r o l l e y .  I t  was f e l t  t h a t  some 
p r o v i s i o n  t o  accommodate t h e s e  a c c e s s o r i e s  was 
n e c e s s a r y  but  t h a t  i t  shoul d be p r o v i d e d  i n  such a 
way t h a t  t h e  use of  t he  t r o l l e y  i s  not  i mpeded,  
e s p e c i a l l y  as advanced t r a i n i n g  i s  e n a b l i n g  
ambul ance crews t o p r a c t i c e  more s o p h i s t i c a t e d  
t e c h n i q u e s  and i n some a r ea s  t h e  use o f  an 
emergency d o c t o r  s e r v i c e  means more i mmedi a t e  a i d  
t o  t he  c a s u a l t y  and p r o b a b l y  t he  use o f  more e q u i p ­
ment around t he  t r o l l e y  i n  t h e  ambul ance .
3 . 3 . 1 7  Ther e  were many comp l a i nt  s about  t he  l o c k i n g  system 
used f o r  l o c a t i n g  t he t r o l l e y  i n  t he  ambul ance as 
t he  o p e r a t i n g  handl e i s  not  e a s i l y  a c c e s s i b l e  when 
t he  t r o l l e y  i s  i n p o s i t i o n  w i t h  a p a t i e n t  on i t .
To reach t he  handl e i t  i s  n e c e s s a r y  t o  l ean over  
t he  p a t i e n t  and under  t he sea t  b a c k r e s t  t hen push 
t he  handl e  down t o r e l e a s e  t he  l o c k .  These l ocks  
ar e  not  a l ways secure and i t  has been r e p o r t e d  
t h a t  t r o l l e y s  have become l oose d u r i n g  t he  
ambul ance j o u r n e y .  Though t h i s  a f f e c t s  t he
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t r o l l e y  use t h e  s o l u t i o n  must l i e  m a i n l y  w i t h  t he  
ambul ance d e s i g n .  An ot h er  c o n t r i b u t i n g  f a c t o r  t o  
t he  r e l u c t a n c e  t o  use t he  t r o l l e y  f a c i l i t i e s  i s  t he  
l ack  o f  s t a n d a r d i z a t i o n  i n  e q u i p me n t .  At  one 
s t a t i o n  an ambul ance may c a r r y  a mu I t i - p o s t u r a  I 
e l e v a t i n g  t r o l l e y  on one s i d e  and a s i m p l e r  non­
e l e v a t i n g  3 f u n c t i o n  t r o l l e y  on t h e  o t h e r  or  
a n o t h e r  one may c a r r y  o n l y  t h e  v e r y  b a s i c  two 
f u n c t i o n  t r o l l e y  on one s i d e  and a 3 f u n c t i o n  on 
t he  o t h e r .  Co n s e q u e n t l y  when a crew t a k e s  out  an 
ambul ance u n l ess  t h e y  a r e  c a r e f u l  t o  check t he  
t y p e  of  t r o l l e y  t h e y  a r e  us i ng  t h e y  may have any 
one of  t h r e e  v a r i e t i e s  a l l  w i t h  d i f f e r e n t  
c o mb i n a t i o n s  o f  f u n c t i o n s .  T h i s  l e a v e s  them 
r e l u c t a n t  t o  use any but  t h e  b a s i c  f a c i l i t i e s  
which a r e  known t o  be p r e s e n t  on a l l  t r o l l e y s .  
S i m i l a r l y  where t r o l l e y s  w i t h  a C . P . R .  f a c i l i t y  
a r e  a v a i l a b l e  t h e r e  i s  no c o - o r d i n a t i o n  bet ween  
t h i s  u n i t  and c a l l s  t o  c a r d i a c  cases w i t h  t h e  
r e s u l t  t h a t  cases t h a t  cou l d  b e n e f i t  f rom t h e  more 
e x p e n s i v e  equi pment  a r e  not  n e c e s s a r i l y  c a r r i e d  on 
t h a t  e q u i p me n t .  Ther e  i s  c e r t a i n l y  a need f o r  
b e t t e r  s t a n d a r d i z a t i o n  of  equi pment  on ambul ances  
c a p a b l e  o f  accommodat ing a l l  p a t i e n t s  or  as not ed  
by Mur r ay  ( 1 8 ) ,  sooner  or  l a t e r  a s e r i o u s l y  i l l  
c a s u a l t y  w i l l  be p l a c e d  on a t r o l l e y  w i t h o u t  p r o p e r  
f a c i l i t i e s  f o r  h i s  accommodat i on r e q u i r i n g  
i m p r o v i s a t i o n  t o  do what  s ho u l d  be a v a i l a b l e  on a 
f u l l y  equi pped m u l t i - p o s t u r a l  e l e v a t i n g  t r o l l e y .
3 . 3 . 1 8  F u t u r e  Trends
Dur i ng  t he  c o l l e c t i o n  of  d a t a  i n f o r m a t i o n  was 
sought  on t h e  l i k e l y  f u t u r e  o f  bot h t h e  ambul ance  
s e r v i c e  and emergency c a r e .  I t  would seem u n l i k e ­
l y  t h a t  any maj or  change w i l l  occur  i n t he  
ambul ance s e r v i c e  in t he  near  f u t u r e ,  though t h e r e  
ar e  moves t o b r i n g  t he  t w o - t i e r  system i n t o  use .  
T h i s  would e n t a i l  an emergency v e h i c l e  equ i pped t o  
handl e  on l y  emergency cases and c a r r y i n g  a s i n g l e
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t r o l l e y -  S e p a r a t e  t r a n s p o r t  v e h i c l e s  l ess  w e l l  
equi pped f o r  emer genc i es  would be used f o r  out  
p a t i e n t  work.  At  p r e s e n t  am ambul ance i s  equ i pped  
f o r  emergency work but  doubl es  as t r a n s p o r t  f o r  
out  p a t i e n t  d u t i e s -  T h i s  system would e n a b l e  t he  
emergency v e h i c l e  t o  be d e s i gn ed  and equ i pped  t o  
g i v e  t h e  best  p o s s i b l e  a s s i s t a n c e  t o  t h e  s e r i o u s l y  
i l l  c a s u a l t y .  S i m i l a r l y  t h e  t r o l l e y  d e a i g n  woul d  
need t o  accommodate t he  changes i n p e r f o r ma n c e  and 
many of  t he  f e a t u r e s  t h a t  a t  p r e s e n t  a r e  a v a i a l b l e  
o n l y  i n  acc esso r y  form would become s t a n d a r d  
f i x t u r e s -  I t  would a l s o  be p o s s i b l e ,  once t h e  
need t o  accommodate f o u r  s i t t i n g  passenger s  had 
been removed,  t o  c o n c e n t r a t e  on t he  comf or t  and 
s a f e t y  of  t h e  r e c l i n i n g  p a t i e n t .
I n  emergency car e  and f i r s t  a i d ,  however ,  changes  
ar e  o c c u r r i n g  now i n  some a r e a s  t h a t  w i l l  a f f e c t  
t he  ambul ance t r o l l e y .  As s t a t e d  e a r l i e r  more 
ambulancemen ar e  be i ng t r a i n e d  i n  advanced f i r s t  
a i d ,  p a r t i c u l a r l y  i n t h e  south of  t h e  c o u n t r y ,  and 
t h e  use of  i n f u s i o n  t o  r educe shock w i l l  p r o b a b l y  
spr ead t o  o t h e r  a r eas  when i t s  e f f e c t i v e n e s s  i s  
r e c o g n i s e d -  The use of  d o c t o r s  a t  t h e  scene of  
an a c c i d e n t  a l s o  i n d i c a t e  t h a t  more s o p h i s t i c a t e d  
equi pment  w i l l  be needed i n  t he  ambul ance as t h e  
emphasis changes f rom t he  p r e v e n t i o n  of  
d e t e r i o r a t i o n  i n a c a s u a l t y ' s  c o n d i t i o n  t o  t h e  
s t a r t  of  t r e a t m e n t  t o  reduce shock and p r e s e n t  t h e  
a c a s u a l t y  at  h o s p i t a l  i n a b e t t e r  c o n d i t i o n  t o  
undergo t r e a t m e n t  t han i s t he  case a t  p r e s e n t .
These changes ar e  slow but  w i l l ,  one hopes,  
g r a d u a l l y  become normal  t h r o u g h o u t  t he  c o u n t r y .
The new t r o l l e y  w i l l  need,  t h e r e f o r e ,  t o  accommodate  
t hese  changes i n  t he  f u t u r e  w h i l e  s t i l l  i mp r o v i n g  
e x i s t i n g  c o n d i t i o n s .
3 . 3 . 1 9  A l l  t he  above probl ems were t hen g i ven  a w e i g h t i n g ,  
as shown in Tab l e  2 ,  a c c o r d i n g  t o t h e i r  e f f e c t  on 
t he  c a s u a l t y ,  crew and t he  h a n d l i n g  pr ocesses
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i d e n t i f i e d  e a r l i e r .  T h i s  enabl ed t he ma j or  
pr obl ems t o  be i d e n t i f i e d  and r e l a t e d  t o  t h e  
ergonomi c f ramewor k  d e r i v e d  f rom t he a n a l y s i s  of  
t he  d a t a  c o l l e c t e d  on p e o p l e ,  p l aces  and pr ocesses  
as shown i n  f i g s . 41 -  4 5 .  Th i s  e s t a b l i s h e d  t h a t  
t he  pr obl ems cou l d  be gr ouped under  t he  f o l l o w i n g  
main hea d i n gs  r e l a t i n g  t o  : -
1)  P a t i e n t  h a n d l i n g
2)  Equi pment  h a n d l i n g
3)  Equi pment  c o n t r o l
4)  Ambulance de s i g n
Areas 1 ,  2 & 3 f orm t h e  b a s i c  s t r u c t u r e  f o r  t h e  
deve l opment  of  t he  f o l l o w i n g  per f or mance  
s p e c i f i c a t i o n s .
6 .  Pe r f o r ma n c e  S p e c i f i c a t i o n
Thi s  s p e c i f i c a t i o n  was d e v e l o p e d  f rom t h e  er gonomi c  
f ramewor k  e s t a b l i s h e d  and t h e  probl ems i d e n t i f i e d  
i n  t h e  r e s e a r c h .  I t  i s  d i v i d e d  i n t o  a g e n e r a l  
s e c t i o n  g i v i n g  o v e r a l l  r ecommendat i ons and s p e c i f i c  
s e c t i o n  d e a l i n g  w i t h  c e r t a i n  ar eas  i n more d e t a i l .  
I t  i s  d e s i g n e d  t o  be t h e  f ramewor k a g a i n s t  which  
t he  p r e s e n t  des i gn  may be e v a l u a t e d  and a new 
d es i gn  d e v e l o p e d .
GENERAL
1.  The t r o l l e y  s h a l l  be c a p a b l e  o f  use as a bench 
t ype  sea t  f o r  up t o  f o u r  persons or  as a bed 
f o r  one r e c l i n i n g  p a t i e n t .  ( Appendi x  A)
2 .  I t  s h a l l  be c a p a b l e  of  use i n any ambul ance .  
( Appendi x  A)
3 .  I t  s h a l l  be c a p a b l e  of  use on e i t h e r  s i d e  of  
t h e  ambul ance o r ,  i f  n e c e s s a r y ,  i n t he  c e n t r e  
and f a c i n g  i n  e i t h e r  d i r e c t i o n .  ( Appendi x  A)
4 .  I t  s h a l l  not  r e s t r i c t  access t o t he  c a s u a l t y  
d u r i n g  t he  ambul ance j o u r n e y .
5.  I t  shoul d  be c ap ab l e  of  use w i t h  o t h e r  s t r e t c h ­
e r s .  e . g .  The Scoop s t r e t c h e r .
6.  I t  s h a l l  p r o v i d e  t he  f o l l o w i n g  p a t i e n t  
p o s i t i o n i n g  f a c i l i t i e s : -
1)  E l e v a t i o n  of  t h e  t r o l l e y  bed f rom bench 
sea t  h e i g h t  t o  h o s p i t a l  t r o l l e y  h e i g h t .
( see  33 -  39)
2)  A means o f  m a i n t a i n i n g  t he T r e n d e l e n b e r g  or  
head downwards t i l t .  ( see 48 -  50)
3)  A means o f  m a i n t a i n i n g  t he  Fowl er s  p o s i t i o n  
or  knee c o n t o u r .  ( see 51 -  54)
4)  A b a c k r e s t  a d j u s t a b l e  f rom 0°  -  6 0 ° .
( see 40 -  44)
5)  A means o f  m a i n t a i n i n g  an open a i r wa y  and 
a de quat e  sup por t  f o r  c a r d i a c  massage.
( see  45 -  47)
7 .  The t r o l l e y  s h a l l  be capabl e  o f  be i ng p r o p e l l e d  
i n  t he  f o l l o w i n g  w a y s : -
1)  Whee l i ng  ( see  23 -  26)
2)  C a r r y i n g  and l i f t i n g  ( see 27 -  32)  a l s o  
( Appendi x  A)
8 .  The t r o l l e y  shoul d  be capabl e  of  use w i t h o u t  
r i s k  o f  i n j u r y  t o  per sons or  damage t o  v e h i c l e s  
or  bui  I d i  n g s .
9 .  The t r o l l e y  s h a l l  be capabl e  o f  be i ng q u i c k l y  
and e a s i l y  r e s t o r e d  t o  t he  ‘ ready f o r  use '  
c o n d i t i o n s  a f t e r  d e l i v e r y  of  a p a t i e n t .
10 .  The t r o l l e y  s h a l l  be capabl e  of  be i ng e a s i l y  
c l e a n e d .
HANDLING
11.  The t o t a l  we i g ht  o f  t he  unl aden t r o l l e y  shoul d  
not  exceed t he  recommended l i m i t  of  25kg.
( 5 5 l b s )  ( Appendi x  A)
SAFETY
12.  The e l e v a t i n g  mechanism s h a l l  be capabl e  of  
be i ng  l ocked i n both d i r e c t i o n s  and in a l l  
p o s i t i o n s .
13.  The b a c k r e s t  l o c k i n g  f e a t u r e  s h a l l  p r o v i d e  a 
s a f e t y  d e v i c e  t h a t  p r e v e n t s  a c c i d e n t a l  
s l i p p i n g .
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14 .  The wheel s s h a l l  be f i t t e d  w i t h  br ake  l ocks  
c a p a b l e  of  o p e r a t i o n  r e g a r d l e s s  of  wheel  
p o s i t i o n  and p r o v i d i n g  p o s i t i v e  i n d i c a t i o n  of  
t h e  l ocked or  unl ocked mode.
15 .  The t r o l l e y  s h a l l  p r o v i d e  a means o f  a t t a c h i n g  
p a t i e n t  r e t a i n i n g  s t r a p s .
16 .  The t r o l l e y  s h a l l  p r o v i d e  f u l l  s t a b i l i t y  when 
used i n i t s  e l e v a t e d  p o s i t i o n  under  ' n o r ma l  
condi  t  i o n s ' .
17 .  The t r o l l e y  s h a l l  be c ap ab l e  of  use w i t h  bot h  
l o a d i n g / o f f - l o a d i n g  methods c u r r e n t l y  used by 
ambul ance crews.
18 .  A l l  c o n t r o l s  and handl es  s h a l l  c l e a r l y  i n d i c a t e  
t h e i r  f u n c t i o n  and be p o s i t i o n e d  where t h e y  a r e  
e a s i l y  and s a f e l y  o p e r a t e d .
SECURITY
1 9 .  The s i d e  r a i l s  s h a l l  p r o v i d e  ade qua t e  s u p p o r t  
t o  p r e v e n t  t he  c a s u a l t y  r o l l i n g  out  under  
r e a s o n a b l e  condi  t i o n s ,  and a handhol d shoul d  
t h e  c a s u a l t y  r e q u i r e  one.
20 .  Ther e  shoul d be no r e s t r i c t i o n s  o t h e r  t han  t h e  
recommended,  t o  p r e v e n t  t he  accommodat i on o f  
l a r g e r  p a t i e n t s .
22 .  The t r o l l e y  shoul d not  c o n t r i b u t e  t o  t he  d i s ­
c omf or t  o f  t he  ambulance r i d e  but  shoul d  
mi n i mi z e  t h i s  where p o s s i b l e .
CONTROL -  moving t r o l l e y  on ground s u r f a c e
23 .  The t r o l l e y  s h a l l  be cap ab l e  of  be i ng  wheel ed  
on a r e a s o n a b l e  f l o o r  s u r f a c e  w i t h o u t  any 
danger  t o t he  p a t i e n t .
24 .  The wheel  d i a me t e r  and wi d t h  s h a l l  be such t h a t  
t he  opt imum r i d e  c o n d i t i o n s  a r e  o b t a i n e d  w i t h ­
out  i m p a i r i n g  t he t u r n i n g  a c t i o n .
25 .  A means of  t owi ng t he t r o l l e y  i n i t s  l owest  
p o s i t i o n  s h a l l  be p r o v i d e d  t h a t  en a b l e s  t he  
person t owi ng to st and and walk i n a c o m f o r t ­
ab l e  manner .
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26-  The t r o l l e y  s h a l l  be c a p a b l e  of  b e i n g  e a s i l y  
manoevred round c o r n e r s  such as a r e  found i n  
h o s p i t a l  c o r r i d o r s .
L i f t i n g  and c a r r y i n g
27-  I t  s h a l l  be p o s s i b l e  t o  l i f t  t he t r o l l e y  by 
both t h e  s i d e  and end l o a d i n g  met hods.
28.  I t  s h a l l  be p o s s i b l e  t o  c a r r y  t he  t r o l l e y  us i ng  
one per son a t  each end and a d d i t i o n a l  h e l p e r s  
on e i t h e r  s i d e .
29 .  I t  s h a l l  be p o s s i b l e  t o  m a i n t a i n  f u l l  c o n t r o l  
over  t he  t r o l l e y  and p a t i e n t  d u r i n g  t h e  l i f t ­
i ng and l o a d i n g  o p e r a t i o n s .
30 .  Any handl es  p r o v i d e d  s h a l l  be r e l i a b l e  and of  
s u f f i c i e n t  l e n g t h  t o  c l e a r  t h e  c a s u a l t y ' s  
head and f e e t  when end l o a d i n g .
31 .  The t r o l l e y  s h a l l  be an appear  t o  be r e l i a b l e  
and s t r o n g  when be i ng  l i f t e d .  (Maximum f l e x ­
i ng a l l o w e d  25mm i n  l e n g t h .  B . S .  896 )
32 .  Ther e  s h a l l  be no r i s k  of  i n j u r y  t o  t h o se  
per sons c a r r y i n g  t h e  t r o l l e y  f rom any moving  
pa r t s .
E l e v a t  i on
33 .  The t r o l l e y  s h a l l  be c a p a b l e  of  e l e v a t i o n  be ­
tween bench h e i g h t  (500mm) and a h e i g h t  of  
940mm w i t h  a maximum l oad of  127kg ( 20  s t o n e s )  
w h i l e  on a smooth f l a t  s u r f a c e .
34 .  I t  s h a l l  be and appear  t o  be s t a b l e  when used 
i n  t he  e l e v a t e d  p o s i t i o n .
35 .  I t  s h a l l  be cap ab l e  of  be i ng  wheel ed i n t he  
e l e v a t e d  p o s i t i o n  w i t h  an ave r age  l oad on 
r e a s o n a b l e  ground s u r f a c e .
36 .  The l o c k i n g  mechanism s h a l l  p r o v i d e  v a r i a b l e  
h e i g h t  and be f i t t e d  w i t h  a s a f e t y  d e v i c e  t h a t  
w i l l  p r e v e n t  any danger  of  t he  t r o l l e y  bed 
s l i p p i n g  down d u r i n g  e l e v a t i o n .
37.  The l o c k i n g  d e v i c e  s h a l l  be cap a b l e  of  
o p e r a t i o n  f rom one end or  f rom e i t h e r  s i d e .
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38-  A l l  h an d l e s  or  c o n t r o l s  s h a l l  be a c c e s s i b l e  
r e g a r d l e s s  of  t he  t r o l l e y  bed h e i g h t .
39-  The e l e v a t i n g  mechanism shoul d be c a p a b l e  of  
use i n  t h e  ambul ance as w e l l  as o u t s i d e  i t .
Ba c k r e s t  o p e r a t i o n
40-  The b a c k r e s t  s h a l l  be capabl e  of  o p e r a t i o n  
f rom e i t h e r  s i d e  bot h when i n t he ambul ance  
and out  o f  i t .
41 .  The o p e r a t i n g  handl e  s h a l l  be s i t u a t e d  where  
i t  i s  e a s i l y  a c c e s s i b l e  when t he b a c k r e s t  i s  
h o r i z o n t a l  and t h e r e  s h a l l  be no r i s k  of  
i n j u r y  t o  hands or  f i n g e r s  dur i ng  t h e  l i f t i n g /  
l o w e r i n g  o p e r a t i o n .
42 .  The o p e r a t i n g  mechanism s h a l l  p r o v i d e  a means 
of  p r e v e n t i n g  t h e  b a c k r e s t  f rom a c c i d e n t a l l y  
s l i p p i n g  down d u r i n g  use.
4 3 .  The l o c k i n g  mechanism s h a l l  have a p o s i t i v e  
a c t i o n  and p r o v i d e  a number of  p o s i t i o n s  
bet ween 0°  and 60°  o f  e l e v a t i o n .
4 4 .  The base o f  t h e  b a c k r e s t  s h a l l  p r o v i d e  a d e q u a t e  
s up p o r t  f o r  t h e  pe r f o r mance  of  c a r d i a c  massage.
Hype r - e x t e n s  i on
45 .  The h y p e r - e x t e n s i o n  f a c i l i t y  s h a l l  be c a p a b l e  
of  q u i c k  and easy o p e r a t i o n  w i t h i n  a maximum 
t i me  of  1 m i n u t e .
4 6 .  I t  s h a l l  p r o v i d e  a means of  m a i n t a i n i n g  t h e  
head a t  such an a n g l e  t h a t  t he a i r w a y  i s  kep t  
c l e a r .
4 7 .  I t  s h a l l  be c a p a b l e  o f  o p e r a t i o n  i n a movi ng  
ambu l a n c e .
T r e n d e I e n b e r g  p o s i t i o n
48 .  The Tr ende l e n b e r g  p o s i t i o n  s h a l l  p r o v i d e  a head 
down t i l t  of  12°  t o  1 5 ° .
49 .  I t  s h a l l  be cap a b l e  o f  use both i n  t he  
ambul ance and out  of  i t .
50 .  A l l  handl es  and c o n t r o l s  s h a l l  be s i t u a t e d  where  
t hey  a r e  e a s i l y  a c c e s s i b l e  r e g a r d l e s s  o f  t r o l l e y  
h e i g h t .
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Fow l e r s  p o s i t i o n
51 .  Ther e  s h a l l  be a means a v a i a b l e  f o r  ma i n ­
t a i n i n g  a c a s u a l t y  w i t h  t he  knees s u p p o r t e d  
i n  a bent  p o s i t i o n .
52 .  The mechani cs f o r  m a i n t a i n i n g  t h i s  p o s i t i o n  
s h a l l  be c a p a b l e  of  o p e r a t i o n  when t h e  t r o l l e y  
i s  bot h i n  t h e  ambul ance and out  o f  i t .
53 .  I t  s h a l l  be p o s s i b l e  t o  use t h i s  p o s i t  i on 
w i t h o u t  l oss o f  d i g n i t y  or  embar r assment  t o  
t he  p a t i e n t .
54 .  A l l  handl es  and c o n t r o l s  s h a l l  be s i t u a t e d  
where t h e y  a r e  e a s i l y  a c c e s s i b l e  r e g a r d l e s s  o f  
t r o l l e y  p o s i t i o n .
Ma t t  r ess
55 .  The m a t t r e s s  s h a l l  be capabl e  of  p r o v i d i n g  
a d e qua t e  but  c o m f o r t a b l e  suppor t  f o r  a r e ­
c l i n i n g  p a t i e n t  and a c o mf o r t a b l e  s ea t  f o r  
s i t t i n g  cas es .
56 .  The m a t t r e s s  s h a l l  not  add t o  t he  p a t i e n t ' s  
d i s c o m f o r t  by a l l o w i n g  s l i d i n g  but  t h e  
f r i c t i o n  shoul d  not  be such t h a t  a s l i d i n g  
t r a n s f e r  i s  made d i f f i c u l t .
57 .  The m a t t r e s s  s h a l l  be ab l e  t o  con t o u r  a r ound  
a l l  t he  p o s i t i o n s  p r o v i d e d  by t he  t r o l l e y  
w i t h o u t  d i f f i c u l t y .
A c c e s s o r i e s
58.  I t  s h a l l  be p o s s i b l e  t o  use t he  f o l l o w i n g  
a c c e s s o r i e s  w i t h - t h e  t r o l l e y : -
1)  An i n f u s i o n  b o t t  l e or  b o t t l e s
2)  Emergency oxygen or  Entonox equi pment
3)  A c a r d i a c  mo n i t o r  and d e f i b r i l l a t o r
59 .  I t  s h a l l  be p o s s i b l e  t o  ma i n t a i n  l i f e  s u p p o r t  
d u r i n g  t he t r a n s f e r  between ambul ance and 
h o s p i t a l  equ i pmen t .
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3 . 5 E v a l u a t i o n  of  t he  c h a r a c t e r i s t i c s  of  t h e
e x i s t i n g  t r o l l e y
3 . 5 . 1  B e f o r e  s t a r t i n g  t o  f o r m u l a t e  a new d e s i g n  f o r  t he  
t r o l l e y  i t  was f e l t  a p p r o p r i a t e  t o r e v i e w  t he  
e x i s t i n g  one.  The t r o l l e y  used f o r  t h i s  
e v a l u a t i o n  was a model  ' Super  4 '  which o f f e r s  t h e  
f o l l o w i n g  f a c i l i t i e s : -
1)  E l e v a t i n g  mechanism
2)  B a c k r e s t
3)  Fowl er s  p o s i t i o n
4)  Tr ende  l en b er g  p o s i t i o n
5)  C . P . R .  f a c i l i t y
3 . 5 . 2  The e v a l u a t i o n  was c a r r i e d  out  a g a i n s t  t h e  p e r f o r m ­
ance s p e c i f i c a t i o n  ( 3 . 4 )  and can be summar i sed  
under  t h e  main headi ngs  used i n t he  s p e c i f i c a t i o n  
as f o  I l o w s : -
Genera I
1 .  I t  can be used as a sea t  f o r  4 per sons  or  a 
bed f o r  one.
2 .  I t  w i l l  f i t  most ambul ances though t h e r e  a r e  
d i f f i c u l t i e s  dependi ng on ambul ance d e s i g n .
3 .  I t  can be used a t  e i t h e r  s i de  or  i n  t h e  c e n t r e ,  
a g a i n  d i f f i c u l t i e s  depend on t he  ambul ance  
d e s i g n .
4 .  The t r o l l e y  i t s e l f  does not  r e s t r i c t  access t o  
t he  c a s u a l t y  but  i n r e l a t i o n s h i p  w i t h  t he  
ambul ance ,  i t  does.
5.  I n  t h e o r y  i t  i s  p o s s i b l e  t o  use o t h e r  
s t r e t c h e r s  but  i n  p r a c t i c e  on l y  t he  ' Scoo p '  
s t r e t c h e r  can be used and not  t he  F e r l e y  t y p e .
6 .  I t  p r o v i d e s  t he  p a t i e n t  p o s i t i o n i n g  f a c i l i t i e s  
r e q u i r e d  but  t h e s e  a r e  not  a l ways u s a b l e  i n  
t he  ambul ance.
7.  I t  can be wh e e l e d ,  c a r r i e d  and l i f t e d .
8 .  Ther e  i s  no r i s k  of  i n j u r y  to per sons and 
b u i l d i n g s  when t he t r o l l e y  i s be i ng used but  
probl ems can a r i s e  w i t h  t he  use of  t he  e x t e n d e d
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s i d e  r a i l  t h a t  can be used i n a h o r i z o n t a l  
p o s i t i o n  and t h e r e  i s  some r i s k  of  t r a p p i n g  
f i n g e r s  i n  t he  s l i d e s  o f  t he  mechani sm.
9 .  The r e  a r e  no pr obl ems i n p r e p a r i n g  t he  t r o l l e y  
f o r  r e - u s e .
10 .  I t  i s  not  a l ways easy t o  c l ean  t he  e l e v a t i n g  
mechanism and t he  m a t t r e s s .
Hand I i ng
11 .  The t o t a l  we i g ht  o f  t h e  t r o l l e y  i s  30Kg w i t h  
an a d d i t i o n a l  we i g ht  o f  7Kg f o r  t h e  m a t t r e s s .
S a f e t y
12 .  The r e  i s  some danger  of  t he  e l e v a t i n g  mechanism 
s l i p p i n g  and i t  i s  d i f f i c u l t  t o  o p e r a t e  i n  t he  
Tr ende  l e n b e r g  p o s i t i o n .
13 .  The r e  a r e  no s a f e t y  d e v i c e s  on t h e  b a c k r e s t  
o t h e r  t han  t he  p i n  r a t c h e t .
14 .  The wheel  l ocks ar e  d i f f i c u l t  t o  o p e r a t e ,  
i n e f f e c t i v e  and do not  p r o v i d e  any i n d i c a t i o n  
of  l o c k e d -  un l ocked  mode.
15 .  P a t i e n t  r e t a i n i n g  s t r a p s  can be a t t a c h e d  but  
t h e r e  i s  no s t o r a g e  p r o v i d e d  when not  i n  use .
16 .  The t r o l l e y  i s  r e p o r t e d  t o  be s t a b l e  but  does 
not  appear  so when i n use.
17 .  Both l o a d i n g / u n l o a d i n g  methods can be used but  
when s i d e  l o a d i n g  gr eas e  f rom t he  s l i d e s  ge t s  
on t h e  cr ews'  hands.
18 .  Ther e  i s  no i n d i c a t i o n  of  t he  p o s i t i o n  or  
f u n c t i o n  of  c o n t r o l s  and o p e r a t i n g  h a n d l e s ,  
and some of  them a r e  not  usa b l e  i n  t he  
ambu l a n c e .
Se c u r i  t y
19 .  The s i d e  r a i l s  a r e  not  hi gh enough t o  p r o v i d e  
ade qua t e  s e c u r i t y  and t h e i r  use as a hand hol d  
i s  l o s t  when t he padded r a i l  i s  used.
20 .  The padded s i de  r a i l  does cause r e s t r i c t i o n  
and d i s c o m f o r t  t o t he  l a r g e r  p a t i e n t .
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21 .  Ther e  a r e  no probl ems of  s l i p p i n g  w i t h  t he  
ex t end ed  cont our ed ma t t r e s s  but  t h e  C . P . R .  
m a t t r e s s  i s  s l i p p i n g  un l ess  r e c o v e r e d .
2 2 .  The r i d e  i n t he  ambulance has been r e p o r t e d  t o  
be v e r y  u n c o mf o r t a b l e  but  i t  i s  d i f f i c u l t  t o  
assess how much of  t h i s  i s  due to t h e  t r o l l e y  
d e s i g n .
Cont  ro I -  moving t r o l l e y  on ground s u r f a c e
23 .  The t r o l l e y  can be wheel ed on any r e a s o n a b l e  
f l o o r  s u r f a c e  i n  i t s  l owered p o s i t i o n .
24 .  The wheel s  a r e  not  con s i d e r e d  t o  g i v e  a s a t i s ­
f a c t o r y  r i d e  though m a n o e u v r a b i l i t y  i s  good.
25 .  The t owi ng  handl es  a r e  a source of  c o n t i n u o u s  
c o mp l a i n t  as t h e y  b r e a k ,  bend and a r e  t oo  
s h o r t  or  t oo l ong.
26 .  M a n o e u v r a b i l i t y  i s  good.
L i f t i n g  & c a r r y i n g
27 .  Both l o a d i n g  methods can be used but  t he  end 
l o a d i n g  method has a probl em wi t h  s t a b i l i t y  
w h i l e  t h e  s i de  l o a d i n g  method has t h e  pr obl em  
of  dust  and gr ease  f rom t he  s l i d e .
28 .  Access f o r  more t han two persons t o  c a r r y  t he  
t r o l l e y  i s  good except  f o r  t he  g r e a s e  as 
ment i oned above.
29 .  C o n t r o l  of  t he  t r o l l e y  and p a t i e n t  i s  o n l y  
p o s s i b l e  wi t h  t he  s i de  l oad method.
30 .  The c a r r y  handl es ar e  c o n s i d e r e d  t oo s h o r t  but  
t h e i r  l engt h  i s  de t e r mi n e d  by t he amount  of  
f l e x  when l i f t i n g  t he  t r o l l e y .
31 .  The t r o l l e y  f l e x e s  l e n g t h wi s e  when l i f t e d  g i v ­
i ng t h e  appear ance of  weakness though w i t h i n  
t he  B r i t i s h  STandard.
32 .  Ther e  i s  a r i s k  of  i n j u r y  f rom t he  s l i d e s  on 
t he  l ower  f r ame.
E l e v a t  i on
33 .  The t r o l l e y  i s capabl e  of  e l e v a t i o n  as 
recommended.
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34 .  The t r o l l e y  i s  s t a b l e  but  does not  appear  so 
w i t h  movement e s p e c i a l l y  end t o end.
35 .  I t  can be wheel ed w h i l e  e l e v a t e d  but  t h i s  has 
been banned due t o  an a c c i d e n t .
36 .  The r a t c h e t  l ock p r o v i d e s  seven p o s i t i o n s  but  
t h e r e  a r e  no s a f e t y  f e a t u r e s  and f a i l u r e  can 
o c c u r .
3 7 .  The e l e v a t i n g  mechanism can be o p e r a t e d  f rom 
bot h s i d e  and end p o s i t i o n s  but  t h e  end h an d l e  
becomes bent  and i t  i s  not  o p e r a b l e  when t h e  
t r o l l e y  i s  i n  t he  T r e n d e l e n b e r g  p o s i t i o n .
3 8 .  As s t a t e d  above t he  o p e r a t i n g  h an d l e s  cannot  
be used w i t h  t h e  t r o l l e y  i n t he  T r e n d e l e n b e r g  
p o s i t i o n .
39 .  These han d l e s  a r e  not  a l ways a c c e s s i b l e  i n  t he  
ambul ance .
B a c k r e s t
4 0 .  When o p e r a t i n g  t he  b a c k r e s t  t h e r e  i s  a danger  
of  t r a p p i n g  hands e s p e c i a l l y  when l o w e r i n g  i t .
41 . See 4 0 .
42 .  The r e  a r e  no s a f e t y  l ocks on t he  mechani sm.
43 .  F i v e  t o  seven p o s i t i o n s  a r e  p r o v i d e d  bet ween  
h o r i z o n t a l  and 60°
44 .  The s h e e t e d  base o f  t he  b a c k r e s t  i s  c o n s i d e r e d  
a d e qua t e  s u p p o r t  f o r  c a r d i a c  massage.
Hype r - e x t e n s  i on
45 .  T h i s  f a c i l i t y  t akes  t oo long t o  o p e r a t e .
46 .  I t  may p r o v i d e  adequat e  t i l t  t o  m a i n t a i n  an 
open a i r w a y .
47 .  I t s  o p e r a t i o n  i n t he  ambul ance i s  unknown as 
t h e r e  a r e  no r e p o r t s  of  i t s  use.
T r e n d e l e n b e r g  p o s i t i o n
48 .  Th i s  p o s i t i o n  p r o v i d e s  a t i l t  of  10°  t o  t he  
h o r i z o n t a l .
49 .  I t  can be used o u t s i d e  but  i s  v e r y  d i f f i c u l t  
t o  o p e r a t e  in t he  ambul ance.
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50 .  Access t o  t he  o p e r a t i n g  handl es  i s  d i f f i c u l t  
when t he  t r o l l e y  i s  i n i t s  l owest  p o s i t i o n .
Fowl e r s  pos i t  i on
51 .  T h i s  p o s i t i o n  i s  a v a i l a b l e .
52 .  I t  i s  p o s s i b l e  t o  o p e r a t e  t he  mechanism f o r  t he  
p o s i t i o n  out  of  t he  ambul ance but  v e r y  d i f f i c u l t  
i n i t .
53 .  I t  does not  cause any embar rassment  t o  t he  
c a s u a l t y .
54 .  The r e  i s  no access t o  t he  handl es  i n  t he  
ambu l a n c e .
Ma t t  ress
55 .  The m a t t r e s s  i s  r e p o r t e d  c o m f o r t a b l e  i n  most  
c a s e s ,  though t h e r e  were a few r e p o r t s  of  d i s ­
c o m f o r t .
56 .  The con t o u r  ma t t r e s s  i s  c o n s i d e r e d  t o  p r o v i d e  
a de qua t e  s e c u r i t y  f rom s l i p p i n g  but  t h e  C . P . R .  
m a t t r e s s  i s  s l i p p e r y .
57 .  The a b i l i t y  o f  t he  m a t t r e s s  t o c o n t o u r  round 
t he  p o s i t i o n s  i s  d i c t a t e d  by t h e  foam t h i c k ­
ness .
A c c e s s o r i e s
58 .  I n f u s i o n  s t ands and oxygen b o t t l e  h o l d e r s  a r e  
a v a i l a b l e  but  are not  a l ways p r e s e n t  i n  t he  
ambul ance when needed and can cause h a n d l i n g  
p r o b l e ms .  The c a r d i a c  mo n i t o r  s t and  i s  not  
ava i  l a b l e .
59 .  L i f e  suppor t  i s  on l y  p o s s i b l e  o u t s i d e  t he  
ambul ance by t he  use of  t he  above equ i pment  or  
a d d i t i o n a l  s t a f f  a i d .
3 . 5 . 3  The above e v a l u a t i o n  shows t h a t  a l t h o u g h  t he  e x i s t ­
i ng t r o l l e y  per f or ms a l l  t he  r e q u i r e d  f u n c t i o n s  i n  
t h e o r y ,  i t  i s  not  al ways p o s s i b l e  t o  use them i n  
p r a c t i c e ,  p a r t i c u l a r l y  i n t he  ambul ance .  T h i s  
t r o l l e y  has been in s e r v i c e  f o r  t en y e a r s  and though  
i t  has i mproved han d l i ng  and p a t i e n t  co mf o r t  t h e r e  
ar e  a r ea s  where improvements can be made.
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4 F I R S T  PROTOTYPE
4. 1  New d e s i g n  -  I n t r o d u c t i o n
4 . 1 . 1  From t h e  e v a l u a t i o n  of  t he  e x i s t i n g  t r o l l e y  i t  be ­
came a p p a r e n t  t h a t  t h e r e  were many a r e a s  where im­
pr ovement s  would i n c r e a s e  p a t i e n t  co mf o r t  and 
s e c u r i t y  and t he  t r o l l e y  u s a b i l i t y .  The i n t e i — 
f a c e  w i t h  t he  ambulance body t oday  r emai ns  one o f  
t h e  ma j or  probl em ar eas  and a l t h o u g h  t h i s  cannot  
be c o m p l e t e l y  so l ved  w i t h  a new des i gn  of  t r o l l e y  
i t  i s  p o s s i b l e  t o  mi n i mi se  t h e  adv er se  e f f e c t  by 
r e c o g n i z i n g  t hese r e s t r i c t i o n s  and d e v e l o p i n g  t h e  
new t r o l l e y  t o  accommodate them.  I t  woul d seem 
u n l i k e l y  t h a t  a new ambul ance body w i l l  be d e v e l o p ­
ed i n t h e  near  f u t u r e  t h a t  w i l l  remove most  o f  t h e  
p r e s e n t  r e s t r i c t i o n s ,  but  even i f  one were d e v e l o p ­
ed i t  would s t i l l  be n e c e s s a r y  f o r  t h e  t r o l l e y  t o  
be u s a b l e  i n  an e x i s t i n g  ambul ance .  I t  was 
d e c i d e d ,  t h e r e f o r e ,  t h a t  i t  woul d be n e c e s s a r y  t o  
pay c a r e f u l  a t t e n t i o n  t o  t h e  way i n  whi ch v a r i o u s  
mechanisms a r e  o p e r a t e d  and t o  t h e  p o s i t i o n  o f  t h e  
o p e r a t i n g  l e v e r s ,  as e i t h e r  one o f  t h e s e  i n f l u e n c e s  
t h e  o t h e r .  Th i s  shoul d i n c r e a s e  t he  u s a b i l i t y  o f  
t h e  t r o l l e y  e n a b l i n g  i mproved p a t i e n t  c o mf o r t  and 
s e c u r i t y  and b e t t e r  h a n d l i n g  q u a l i t i e s  t o  be 
o b t a i n e d .
4 . 1 . 2  When t h e  e x i s t i n g  range of  t r o l l e y s  c u l m i n a t i n g  i n  
t h e  ' Su p e r  4 '  model  i s  exami ned i t  i s  p o s s i b l e  t o  
t r a c e  an e v o l u t i o n a r y  p a t t e r n  t h a t  shows how 
a d d i t i o n a l  f e a t u r e s  have been added t o  each v e r s i o n  
of  t he  t r o l l e y  i n t u r n  t o  c r e a t e  a new model .
Th i s  has r e s u l t e d  i n  many o f  t h e  h a n d l i n g  pr obl ems  
and t he  i n c r e a s e d  we i g ht  o f  t h e  t r o l l e y  t o d a y .
As t he  we i ght  was c o n s i d e r e d  a maj or  pr obl em i t  was 
f e l t  i mp o r t a n t  t o  a c h i e v e  we i g h t  r e d u c t i o n  w i t h o u t  
l oss of  s t r e n g t h .  A t t e n t i o n  s h o u l d ,  t h e r e f o r e ,  be 
g i v e n  t o  t he  i n t e g r a t i o n  of  t he  d i f f e r e n t  f u n c t i o n s  
i n t o  a whole des i gn and t o  t he  way in which
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components were a t t a c h e d ,  as a r e d u c t i o n  i n t h e  
number of  c a s t i n g s  used would a f f e c t  some we i g h t  
s a v i n g .  S i m i l a r l y ,  i t  was f e l t  t h a t  an 
e x a m i n a t i o n  of  t he  s t r u c t u r e  of  t he  t r o l l e y  and 
t h e  m a t e r i a l s  used mi ght  e n a b l e ' a l t e r n a t i v e  
s o l u t i o n s  t o  be deve l oped w i t h  e q u i v a l e n t  s t r e n g t h  
but  l ess  o v e r a l l  w e i g h t .  The s t r u c t u r e  would a l s o  
be i n f l u e n c e d  by t he  d e c i s i o n  t o  avo i d  s l i d i n g  
mechanisms e i t h e r  over  or  i n s i d e  t he  main f rame  
where p o s s i b l e .  Th i s  would not  on l y  remove t h e  
r i s k  o f  i n j u r y  when h a n d l i n g  t he  t r o l l e y  but  woul d  
a l s o  e n a b l e  t he  use of  an a l t e r n a t i v e  s e c t i o n  t o  
be c o n s i d e r e d  i n s t e a d  of  t h e  e x i s t i n g  drawn t u b e .
4 . 1 . 3  Wh i l e  d e v e l o p i n g  t he  new d es i gn  i t  i s n e c e s s a r y  t o  
be c o n t i n u a l l y  aware of  t he  f o l l o w i n g : -
1)  The ma n u f a c t u r i n g  f a c i l i t i e s  a v a i l a b l e .
2)  The h a n d l i n g  t e c h n i q u e s  used w i t h  t h e  t r o l l e y .
3)  The p o s i t i o n  o f  t he  t r o l l e y  i n  r e l a t i o n  t o  
o t h e r  f e a t u r e s  i n t h e  ambul ance.
4)  The r easons f o r  us i ng t h e  t r o l l e y .
Wi t h  t h e s e  b as i c  c r i t e r i a  as a f ramewor k upon 
which t o  b u i l d  t he  new des i gn  t he  next  s t a g e  was 
t he  deve l opment  of  a des i gn  s t r a t e g y  t o  p l a n  how 
t h i s  shoul d  be done.
4 . 2  New Desi gn -  Devel opment  S t r a t e g y
4 . 2 . 1  The e l e v a t i n g  s t r e t c h e r  t r o l l e y  i s  a m u l t i - f u n c t i o n
u n i t  t h a t  enabl es  i t  t o  be used as a couch f o r
emergency a i d  and t o  accommodate a v a r i e t y  of
i n j u r i e s .  However ,  because of  t he  c o m p l e x i t y  of  
t hese  f u n c t i o n s  which a r e  a l l  p o t e n t i a l l y  i n t e r -  
dependant  i t  was f e l t  a p p r o p r i a t e  to i d e n t i f y  a 
system of  des i gn p r i o r i t i e s  which would e n a b l e  
each f e a t u r e  t o be i s o l a t e d  when p o s s i b l e  and a 
t o t a l  des i gn  deve l oped t o ensur e maximum 
e f f i c i e n c y .  The des i gn  p r i o r i t i e s  would i d e n t i f y  
t he  v e r y  component  around which t he  o t h e r s  would  
be dev e l o ped  and set  t h e  o r d e r  i n which t h i s
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deve l opment  shoul d occur  dependi ng on t h e  r e l a t i o n ­
sh i p  of  t he  components t o  each o t h e r .  Once t h i s  
has been e s t a b l i s h e d  i t  i s  t hen p o s s i b l e  t o  exa mi n e ,  
i f  n e c e s s a r y ,  each component  as a s e p a r a t e  u n i t .
For  a l t h o u g h  i t  was r e c o g n i s e d  t h a t  t h e  t o t a l  
de s i g n  shoul d be t r e a t e d  as a whole i t  may be 
n e c e s s a r y  t o compromise and t r e a t  some f u n c t i o n s  as 
i n d i v i d u a l  mechanisms w i t h i n  t he  c o n t e x t  o f  t he  
t o t a l  d es i gn  as i t  was f e l t  t h a t  t h i s  was t h e  o n l y  
way t o  handl e  such a complex d e v i c e .  T h i s  en­
a b l e d  a v a r i e t y  of  mechanisms t o  be d e v e l o p e d  and 
e v a l u a t e d  w i t h i n  t he  t o t a l  c o n c e p t .  I t  was,  how­
e v e r ,  r e c o g n i s e d  t h a t  some mec h a n i c a l  e f f i c i e n c y  
may need t o  be s a c r i f i c e d  i n  o r d e r  t o  a c h i e v e  t he  
bes t  ergonomi c s o l u t i o n  w i t h i n  t h e  whol e d e s i g n  
concept  or  a l t e r n a t i v e l y ,  where a low er gonomi c  
p r i o r i t y  r a t i n g  e x i s t e d ,  compromise woul d be 
p o s s i b l e  t o  a l l o w  maximum me c h a n i c a l  e f f i c i e n c y .
A system of  p r i o r i t i e s  was a g a i n  used t o  e v a l u a t e  
t he  complex ergonomi c r e q u i r e m e n t s  and p r e f e r e n c e  
was g i v e n  t o t hose t h a t  a f f e c t e d  l i f e  m a i n t a i n i n g  
or  p o t e n t i a l l y  dangerous s i t u a t i o n s .  The 
ergonomi c p r i o r i t y  r a t i n g ,  however ,  does not  
n e c e s s a r i l y  c o i n c i d e  w i t h  t h e  de s i g n  p r i o r i t y  r a t ­
i ng and a component  w i t h  a hi gh d e s i g n  p r i o r i t y  
r a t i n g  may have a low ergonomi c r a t i n g  o r  v i c e  
v e r s a .  Havi ng e s t a b l i s h e d  a s t r u c t u r e  f o r  t he  
deve l opment  o f  t he  des i gn  us i ng  t he  p r i o r i t y  
system i t  became a p p r o p r i a t e  t o  d i s c o v e r  t he  
p o s i t i o n  of  t he  i n d i v i d u a l  components on t h i s  r a t ­
ing so t h a t  a compl et e  p l a n  f o r  t he  d e s i g n  d e v e l o p ­
ment cou l d  be f o r m u l a t e d .
4 . 2 . 2  To d e t e r mi n e  t he  o r d e r  of  p r i o r i t y  t he  s t r u c t u r e
of  t he  t r o l l e y  was examined and i t  was d e c i d e d  t h a t  
i n  o r d e r  t o f u l f i l  t he  r e q u i r e m e n t s  of  t h e  s p e c i f i ­
c a t i o n  t he  s t r u c t u r e  would need t o  c o n s i s t  of  3 
main sect  i ons : -
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1) The upper  s e c t i o n  c a r r y i n g  t he  m a j o r i t y  of  t h e  
m u l t i - p o s t u r a l  f e a t u r e s  and f o r mi ng  t he  bed.
2)  The l ower  s e c t i o n  c o mp r i s i n g  t he  f ramewor k  
c a r r y i n g  t he wheel  u n i t s  and f o r mi ng  t h e  base  
upon which t h e  upper  s e c t i o n  r e s t s .
3)  The e l e v a t i n g  mechanism which enab l es  t h e  t op  
s e c t i o n  t o  be r a i s e d  a c e r t a i n  h e i g h t  above t h e  
l ower  s e c t i o n  and m a i n t a i n e d  t h e r e .
The e l e v a t i n g  mechanism was see n ,  t h e r e f o r e ,  as 
t he  main des i gn p r i o r i t y  as i t  forms p a r t  of  t he  
s u p p o r t i n g  s t r u c t u r e  f o r  t h e  t r o l l e y  bed and as i t  
i s  a domi nant  f e a t u r e  whose n a t u r e  of  o p e r a t i o n  
would e x e r t  t he  g r e a t e s t  i n f l u e n c e  over  t he  o t h e r  
f u n c t i o n s .  C o n s i d e r a t i o n  was a l s o  g i v e n  t o  t h e  
f a c t  t h a t  t h i s  f e a t u r e  caused t h e  most s e r i o u s  
probl ems i n  t he  e x i s t i n g  t r o l l e y  and c a r e f u l  
a t t e n t i o n  would need t o  be g i v e n  t o  t h e  de s i g n  t o  
overcome t hese  d i f f i c u l t i e s .
4 . 2 . 3  Havi ng e s t a b l i s h e d  t h e  ma j or  de s i g n  component  a 
p l an  was drawn up f o r  t h e  devel opment  o f  t h e  o t h e r  
f u n c t i o n s  e i t h e r  i n d i v i d u a l l y  or  as groups depend­
i ng on t h e i r  s t r u c t u r e  and i n t e r d e p e n d a n c e . Th i s  
p l an  i s  g i ven  i n f i g .  4 6 .  A l t hough t he  p l a n  shows 
t he  devel opment  of  t he  f u n c t i o n s  i n sequence ,  t h e  
a c t u a l  des i gn pr ocess i n v o l v e d  t he  deve l opment  of  
i deas  f o r  des i gn s o l u t i o n  f o r  a l l  t he  maj or  
f u n c t i o n s  s i m u l t a n e o u s l y .  T h i s  enab l ed  t he  
devel opment  of  t he  whole de s i g n  t o  be mo n i t o r e d  
and c o n t r o l l e d .  However ,  emphasi s was p l a c e d  on 
t he  i n i t i a l  devel opment  of  t h e  e l e v a t i n g  mechani sm.
4 . 2 . 4  Whi l e  c o n s i d e r i n g  t he  e l e v a t i n g  mechanism i t  was 
dec i ded t h a t  i t  shoul d be p o s s i b l e  t o  combine i t  
wi t h  t he T r e n d e l e n b e r g  p o s i t i o n  as i t  appear ed  t h a t  
both r e q u i r e d  s i m i l a r  o p e r a t i o n s .  Each one r e ­
q u i r e s  a l i f t i n g  a c t i o n  a l t h o u g h  wi t h  t he  e l e v a t ­
i ng mechanism t h i s  i s  a p a r a l l e l  but  v e r t i c a l  l i f t  
whereas t he T r e n d e l e n b e r g  p o s i t i o n  r e q u i r e s  t he  
f o o t  end of  t he  t r o l l e y  l i f t e d  about  t he p i v o t  a t
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t he  head end ,  so t h a t  t he  f e e t  a r e  e l e v a t e d .  The 
de s i g n  and deve l opment  of  t h e s e  f e a t u r e s  o c c u p i e d  
a maj or  p o r t i o n  o f  t he  t i me  a l l o c a t e d  t o  t h e  f i r s t  
s t age  of  t h e  deve l opment  l e a d i n g  up t o  P r o t o t y p e  1.
4 . 2 . 5  The b a c k r e s t  was c o n s i d e r e d  t o  be t he second  
p r i o r i t y  as t h i s  i s  one o f  t h e  most used f u n c t i o n s  
on t he  t r o l l e y  and can have a sever e  d e t r i m e n t a l  
e f f e c t  ona p a t i e n t  shoul d  f a i l u r e  o c c u r .  I n  t h e  
e x i s t i n g  t r o l l e y  t h e  h y p e r - e x t e n s i o n  p o s i t i o n  i s  
combined w i t h  t h e  b a c k r e s t  and co n s i d e r e d  as p a r t  
of  i t  as t h i s  p o s i t i o n  i n v o l v e s  t he s u p p o r t  o f  t he  
neck and c h e s t .  However ,  i t  was dec i ded  t o  r e ­
exami ne t h i s  p r i n c i p l e  and d e v e l o p  t he  b a c k r e s t  
a c c o r d i n g l y  as t h e  hypei— e x t e n s i o n  mechanism would  
have a d i r e c t  e f f e c t  on t h e  method by which t h e  
b a c k r e s t  would be o p e r a t e d .  The b a c k r e s t  was a l s o  
d ev e l o ped  d u r i n g  t h e  f i r s t  p r o t o t y p e  s t a g e .
4 . 2 . 6  As P r o t o t y p e  1 was i n t e n d e d  as a f ramework f o r  t h e  
a t t a c h me n t  of  mock-ups o f  t h e  f u n c t i o n s  so t h a t  
t h e  v i a b i l i t y  of  c e r t a i n  i deas  coul d be t e s t e d  as 
t h e y  were d ev e l o ped  and a l s o  t o  a l l o w  an er gonomi c  
assessment  t o  be made when h a n d l i n g  t he  t r o l l e y ,  
i t  was n e c e s s a r y  t o  d e t e r m i n e  a t  an e a r l y  s t a g e  
t he  b a s i c  m a t e r i a l  form and t h e  s t r u c t u r e  o f  t h e  
f r a me wor k .  T h i s  was o n l y  p o s s i b l e  a f t e r  t h e  b a s i c  
d es i gn  concept  f o r  t he  t r o l l e y  had been e s t a b l i s h e d  
as t h i s  would i n f l u e n c e  t h e  m a t e r i a l  used.  How­
e v e r ,  once e s t a b l i s h e d  t h e  t op and l ower  f r ames  
coul d be des i gned and b u i l t  e n a b l i n g  P r o t o t y p e  1
t o s t a r t  t a k i n g  a 3 - d i m e n s i o n a l  form on whi ch  
i deas  can be t r i e d  and a s s esse d .
4 . 2 . 7  Ot her  f e a t u r e s  would a l s o  be deve l oped t o  p r o t o ­
t ype  or  mock-up s t age  d u r i n g  t h i s  f i r s t  d e v e l o pment  
phase.  T.he wheel  u n i t s  would be deve l o ped  t o  
p r o t o t y p e  s t age  as t hey  form an i n t e g r a l  p a r t  of  
t he  l ower  f rame and a r e  r e q u i r e d  f o r  t h e , a s s e m b l y  
of  t he  s t r u c t u r e .  Mock-ups of  t he c a r r y  h a n d l e  
would a l l o w  i deas  t o  be assessed f o r  p o s i t i o n i n g
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i n  r e l a t i o n  t o  l oad and s t o r a g e  d u r i n g  h a n d l i n g .
The s i d e  arms were a l s o  d ev e l o ped  t o mock-up s t a g e  
t o  t e s t  t he  u s a b i l i t y  of  t h e  i dea  and t h e i r  p o s i t i o n ­
i ng r e l a t i v e  t o  t he  o t h e r  f e a t u r e s  on t h e  t r o l l e y .
At t h i s  p o i n t  i t  was d e c i d e d  t h a t  P r o t o t y p e  1 
shoul d be s u f f i c i e n t l y  advanced t o a l l o w  assessment  
of  t he  f u n c t i o n s  shown so t h a t  any change r e q u i r e d  
coul d be i n c o r p o r a t e d  i n t o  P r o t o t y p e  2.
4 . 2 . 8  I t  was p l anne d  t h a t  P r o t o t y p e  2 shoul d be d e v e l o p e d  
f rom P r o t o t y p e  1 and i n c o r p o r a t e  t he  r e - d e s i g n e d  
f e a t u r e s  as n e c e s s a r y  f rom t he  assessment  o f  t h e  
f i r s t  p r o t o t y p e .  Then once t h e  f i n a l  d e s i g n  o f  
t he  b a s i c  mechanisms was d ev e l o ped  i t  woul d be 
p o s s i b l e  t o  f i n a l i s e  t h e  mechanisms f o r  t h e  o t h e r  
f u n c t i o n s  r e l a t i n g  them as nec essa r y  t o  t h e  whol e  
des i gn  c o n c e p t .  P r o t o t y p e  2 would be u s e d ,  t h e r e ­
f o r e ,  t o  d e t a i l  t he  concept s  used i n P r o t o t y p e  1 
and t o  dev e l o p  t he  r e ma i n i n g  f e a t u r e s  i n  r e l a t i o n  
t o  each o t h e r  and t o  t he  e l e v a t i n g  mechanism and 
b a c k r e s t  w i t h i n  t he  whole des i gned u n i t .
4 . 2 . 9  I t  was p l anne d  t h a t  P r o t o t y p e  2 shoul d show t h e  
t o t a l  de s i g n  concept  and e n a b l e  a h a n d l i n g  e v a l u a ­
t i o n  e x e r c i s e  t o  be compl e t ed s i m i l a r  t o  t h e  e x e r ­
c i s e  a r r a n g e d  d u r i n g  t h e  r e s e a r c h  ( p a r a .  3 . 2 . 5 )  i n
o r d e r  t h a t  a compar i son cou l d  be made bet ween t h e  
new de s i g n  and t he  e x i s t i n g  t r o l l e y .  T h i s  would  
t hen e n a b l e  s u g g e s t i o n s  t o  be made c o n c e r n i n g  t he  
f u r t h e r  devel opment  o f  t h e  t r o l l e y .
4 . 3  The E l e v a t i n g  Mechanism Devel opment
4 . 3 . 1  The e l e v a t i n g  mechanism as s t a t e d  above was seen
as t he  maj or  component  i n  t h e  t r o l l e y  u n i t  around  
which t he  r ema i n i n g  components would be d e s i g n e d .
The e x i s t i n g  system uses a s c i s s o r  mechanism but  
as t h i s  had a c q u i r e d  t he  r e p u t a t i o n  of  be i n g  u n s a f e  
i t  was d ec i de d  t o exami ne o t h e r  means of  a c h i e v i n g  
t he  r e q u i r e d  h e i g h t  w i t h  p a r a l l e l  l i f t .  I t  a l s o  
seemed p o s s i b l e ,  because o f  t he  n a t u r e  o f  t h e  two
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f u n c t i o n s ,  t o  l i n k  t he  T r e n d e l e n b e r g  p o s i t i o n  t o  
t he  e l e v a t i n g  mechanism so combi ni ng t h e  two 
s e p a r a t e  mechanisms i n t o  one sys t em,  s a v i n g  we i g h t  
and i mp r o v i n g  t h e  h a n d l i n g .  The new d e s i g n ,  
t h e r e f o r e ,  aims t o  a c h i e v e  t he  f o l l o w i n g : -
1)  I n c r e a s e d  s a f e t y
2)  I mpr oved h a n d l i n g
3)  Wei ght  r e d u c t i o n
4 . 3 . 2  I n i t i a l l y  a number o f  i d e a s  were g e n e r a t e d  whi ch
were t h e n  assessed f o r  v i a b i l i t y .  Some of  t h e s e
were t hen  s e l e c t e d  t o  be d e v e l o p e d  f u r t h e r  i n  o r d e r
t h a t  t h e i r  w o r k a b i l i t y  cou l d  be a s s e s s e d .  The r e  
were two methods o f  d e t e r m i n i n g  t he  w o r k a b i l i t y  
and s t r u c t u r e  o f  t h e s e  i d e a s .  The f i r s t  method 
i n v o l v e d  t h e  n u m e r i c a l  e v a l u a t i o n  of  t h e  system 
us i n g  t h e  number s y n t h e s i s  t h e o r y .  T h i s  e n a b l e s  
t h e  number o f  l i n k s  i n  a mechanism and t h e i r  
c o n n e c t i o n s  f o r  opt imum p e r f o r ma n c e  t o  be d e t e r m i n ­
ed.  When a mechanism c o n s i s t s  o f  a number o f  
l i n k s  con nect ed  t o g e t h e r  by a number of  j o i n t s  t hen  
t h e  system has a c e r t a i n  degr ee  of  movement  depend­
ant  on t h e  f o r m a t i o n  and r e l a t i o n s h i p  bet ween t h e  
l i n k s  and j o i n t s .  T h i s  movement i s  c a l l e d  t h e  
degr ee  o f  f reedom and where t h i s  e q u a l s  z e r o  t h e  
mechanism cannot  move and becomes a s t r u c t u r e .
Most  mechanisms r e q u i r e  one degr ee  of  f r eedom  
which a l l o w s  movement t o  be c o n t r o l l e d  i n  one 
d i r e c t i o n  o n l y .  The m o b i l i t y  o f  a mechanism can 
be c a l c u l a t e d  by us i ng a n u m e r i c a l  e q u a t i o n  c a l l e d  
" G r i i b i e r ' s  C r i t e r i o n "  which s t a t e s  t h a t  
F = 3n -  2 .  -  . -  3 ( 2 1 )j 1 j 2
where F = t he  m o b i l i t y  of  t he  mechanism
n = t he  number of  l i n k s
j l  = t he  number of  j o i n t s  w i t h  1 de g r e e
of  f r eedom,  eg.  h i n g e ,  s l i d e s .  
j 2 = t he  number of  j o i n t s  w i t h  2 d e g r e e s
of  f r eedom,  eg.  scr ew.
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By a p p l y i n g  t h i s  t o  t he  proposed i deas i t  was 
p o s s i b l e  t o d e t e r mi n e  t h e i r  m o b i l i t y  and t he  
r e l a t i o n s h i p  bet ween t he  l i n k s  and j o i n t s .  The 
second method i n v o l v e d  b u i l d i n g  p i n - j o i n t e d  c a r d ­
board medel s of  t he  mechanism t o t e s t  t he  number  
s y n t h e s i s  r e s u l t s  and t o  a l l o w  t he  form of  t he  
mechanism t o  be a ss esse d .
4 . 3 . 3  I t  was d e c i d e d  t h a t  t he  mechanism r e q u i r e d  t o  e l e ­
va t e  t h e  t r o l l e y  needed a m o b i l i t y  of  one degr ee  
of  f r e e d o n  when o p e r a t i o n a l  and 0 degrees of  
f reedom when s t a t i c .  Wi t h t he  e s t a b l i s h m e n t  of  
t h i s  c r i t e r i a  i t  became p o s s i b l e  t o  exami ne t h e  
i deas  g e n e r a t e d  i n i t i a l l y  and assess t h e i r  wor k ­
a b i l i t y  as shown i n  f i g .  47 .  I t  can be seen f rom 
t hese  t h a t  o n l y  f i v e  g i v e  t he  r e q u i r e d  1 deg r e e  of  
f reedom o f  which t h r e e  a r e  v a r i a t i o n s  on t he  
s c i s s o r  mechanism.  As t h i s  i s  i n use on t h e  
e x i s t i n g  t r o l l e y  i t  was f e l t  i t  had been w e l l  
t e s t e d  and t he  r e ma i n i n g  two mechanisms sho u l d  be 
examined i n  more d e t a i l .  Mechanism N o . 8 was de­
ve l oped t o  p i n - j o i n t e d  car dboar d  model  s t a g e  but  
was d i s c a r d e d  as be i ng  t oo c o mp l i c a t e d .  T h i s  
l e f t  t he  l a s t  mechanism which seemed t o  o f f e r  t he  
s i m p l e s t  and most e f f e c t i v e  s o l u t i o n .
4 . 3 . 4  I t  c o n s i s t s  of  a doubl e  p a r a l l e l  mot i on a t  one end 
and a s i n g l e  u n i t  a t  t he  o t h e r  t i e d  t o g e t h e r  acr oss  
t he  c e n t r e  j o i n t s  by a s l i d i n g  member t h a t  a l l o w s  
t he  l i f t  t o  be p a r a l l e l  and v e r t i c a l  w i t h  no end 
movement .  I t  w i l l  a l s o  f o l d  i n t o  a sma l l  space  
and appear ed t o  o f f e r  t h e  p o s s i b i l i t y  of  combi ned  
T r e n d e l e n b e r g  p o s i t i o n  by ad j ust ment  of  t h e  d i s ­
t ance  bet ween t he  p a r a l l e l  l e g s .  As shown by t he  
c a l c u l a t i o n s ,  when f r e e  t h i s  mechanism has a 
m o b i l i t y  of  1 degree  of  f reedom and movement i s  
ach i e v e d  by e f f e c t i n g  a s l i d e  between l i n k s  ( 9 )
and ( 1 9 ) .  When t h i s  s l i d e  i s  l ocked ,  l i n k s  ( 9 )  
and ( 10 )  become one and t he  m o b i l i t y  i s  0 .  To
-  111 -
Fig. A8
model demonstrating
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Fig. 50
The same model demonstrating the Trendelenberg position by a ltering  
the distance between the p aralle l legs.
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t e s t  t h i s  m o b i l i t y  a p i n - j o i n t e d  ca r db oar d  model  
was made e n a b l i n g  t he  s t r u c t u r e  and j o i n t i n g  t o  be 
as s e s s e d .  As t h i s  pr oved s a t i s f a c t o r y  t h e  nex t  
s t age  d e v e l o p e d  t he  mechanism f u r t h e r  by use o f  
s c a l e d  wor k i n g  model s .  F i g s .  4 8 ,  49 and 50 show 
a model  o f  t h e  b a s i c  s t r u c t u r e  of  t he mechanism 
t h a t  was used t o  d e v e l o p  t h e  s l i d i n g  mechani sm,  
l e n g t h  o f  t h e  l egs t o  g i v e  t he  r e q u i r e d  h e i g h t  and 
t he  d i s t a n c e  t he  c e n t r e  s l i d e  would need t o  move 
to a c h i e v e  t h i s .  I t  a l s o  enabl ed t he  T r e n d e l e n ­
berg c o mb i n a t i o n  t o  be e x p l o r e d  as shown i n  f i g . 50 .  
Two models were t hen  b u i l t  t o  show t he  shape and 
form o f  t h e  t r o l l e y  s t r u c t u r e  u t i l i z i n g  t h e  two 
d i f f e r e n t  m a t e r i a l  s e c t i o n s  i n o r d e r  t o  e v a l u a t e  
t he  app ear ance  o f  t h e  t r o l l e y .  F i g s .  5 1 ,  52 and 
53 show t h e  use o f  t u b u l a r  s e c t i o n  m a t e r i a l  and 
f i g s .  54 and 55 show t h e  appear ance o f  a 
r e c t a n g u l a r  s e c t i o n .  However ,  i n  e x a mi n i n g  t h e s e  
s e c t i o n s  i t  was n e c e s s a r y  t o  co n s i d e r  t h e  b e n e f i t s  
and d i s a d v a n t a g e s  o f  each as w e l l  as t h e i r  a p p e a r ­
ance.  T u b u l a r  m a t e r i a l  had t he  advant age  t h a t  i t  
i s  c u r r e n t l y  i n  use f o r  t h e  e x i s t i n g  s t r e t c h e r  
t r o l l e y s  t h e r e f o r e  t h e r e  would be m a t e r i a l ,  c a s t ­
i ngs and components a v a i l a b l e ,  however ,  u n l e s s  t h e  
new d e s i g n  u t i l i z e d  t h e  e x i s t i n g  c a s t i n g s  whi ch  
would be r e s t r i c t i v e  t hen  new f a s t e n i n g  components  
would need t o  be made.  The r e c t a n g u l a r  s e c t i o n  
m a t e r i a l  i n t he  model  r e p r e s e n t e d  a f l a t - o v a l  
s e c t i o n  which has t he  advant age  t h a t  t h e  f l a t  
s i des  a f f o r d  a s u r f a c e  t o  which o t h e r  components  
can be more e a s i l y  f a s t e n e d .  However ,  t h i s  shape  
r e q u i r e s  s p e c i a l  c a s t i n g s  and t o o l i n g  where  
components f i t  i n t o  or  around t he  s e c t i o n .  I t  
was f e l t ,  however ,  t h a t  t he  advant ages o u t we i g h e d  
t he  d i s a d v a n t a g e s  p a r t i c u l a r l y  as c a l c u l a t i o n s  
shown bel ow demo n s t r a t e d  t h a t  t he  f l a t - o v a l  
s e c t i o n  has a g r e a t e r  s t r e n g t h  t o we i g ht  r a t i o  i n  
t he r e q u i r e d  d i r e c t i o n  t han t he t u b u l a r  s e c t i o n  
and as i t s  appear ance  was more s u i t e d  t o  t h e  chosen
-  1 1 6  -
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mechanism i t  was d ec i de d  to use t h i s  s e c t i o n  f o r  
t he  t r o l l e y  d e s i g n .
Tube used f o r  t he  e x i s t i n g  t r o l l e y  f r a m e : -
D i a me t e r  27.78mm
Wal l  t h i c k n e s s  2.34mm
Usi ng I  = second moment of  a r ea  
D = e x t e r n a l  d i a me t e r  
d = i n t e r n a l  d i a me t e r
Then I  = tt ( D4 -  d4 )
64
= k ( 2 7 . 7 8 4 -  2 3 . 1 4 )
64
1 5 . 2 5 8  x 1 0 3mm4 
Wei ght  = . 506Kg/ m
For new de s i g n  us i ng  r e c t a n g u l a r  s e c t i o n
41.9mm x 19.05mm wi t h  .91mm w a l l  t h i c k n e s s
Where I  = second moment of  a r ea  
b = b r e a d t h  
d = depth
I  = bd3 
72
1 9 . 0 5  x 41 .91 3 _ ^ /c. „ n 3-----------------------------  = 2 4 . 3 4 5  x 10 mm
12
Wei ght  = - 281Kg/m
The r e c t a n g u l a r  s e c t i o n  has a h i g h e r  ’ I 1 v a l u e  and 
weighs l ess  per  met re l engt h  t han t he t u b e .
D i f f e r e n c e  in we i ght / m = . 2 2 5 K g /  m
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4 . 3 . 5  Once t h e  s e c t i o n  shape and m a t e r i a l  t o  be used had
been d e c i d e d  i t  became nec essa r y  t o  exami ne t h e
ways of  p r o v i d i n g  t he  c o n t r o l  s l i d e  and l o c k i n g
mechanism.  A s c a l e  wor k i ng  model  was b u i l t  as 
shown i n  f i g s .  56 & 57 which d emo n st r a t ed  t h a t  
t h i s  c e n t r e  u n i t  would be an a r ea  c a r r y i n g  a con­
s i d e r a b l e  s t r e s s  and,  s i n c e  t h e  s t r u c t u r e  i s  
s t a t i c a l l y  i n d e t e r m i n a t e  i t  was d ec i d e d  t o  a n a l y s e  
t h i s  by comput er  met hods.  A s o f t w a r e  package  
PCAP, a v a i l a b l e  a t  S h e f f i e l d  C i t y  P o l y t e c h n i c  was 
used t o  ar t a l yse t h e  e f f e c t s  o f  a 3001b per so n  
p o s i t i o n e d  a t  f i v e  c r i t i c a l  l o c a t i o n s .  Load 
a p p l i e d  i s  h a l v e d  s i n c e  o n l y  one s i d e  i s  a n a l y s e d  
i . e .  668 Newt ons.  T h i s  programme g i v e s  g r a p h i c a l  
o u t p u t  o f  t h e  mode o f  c o l l a p s e ,  f a c t o r  o f  s a f e t y  
and a l s o  d a t a  co n cer n i n g  t h e  f o r c e s  a c t i n g  i n  t h e  
members.  T h i s  i n f o r m a t i o n  has been t r a n s f e r r e d  
t o  t he  g r a p h i c a l  o u t p u t  f o r  each l oad c o n d i t i o n  as 
shown be l ow.
COLLAPSE MECHANISM PLOT t o * * * *
44 f *
Forces >N
The f a c t o r  of  s a f e t y  = 7 . 2
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The f a c t o r  o f  s a f e t y  = 2 . 8
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The f a c t o r  o f  s a f e t y  = 7 . 0 7
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From t h e s e  r e s u l t s  t he  maximum l oad i n  each o f  t he  
suppor t  l egs and mi dd l e  s t r u t s  has been i d e n t i f i e d  
as f o I l o w s : -
For mi d d l e  s t r u t  L . H .  -  - 5 . 2  KN
R. H.  -  - 3 . 7 4  KN
L . H .  l eg -  - 6 . 1 6  KN
Mi d d l e  l eg -  - 3 . 6  KN
R. H.  Leg -  - 5  KN
Suppor t  l egs  w i l l  f a i l  under  compr essi on or  
buck l i n g .
1)  c o m p r e s s i o n : -  s t r e s s  = l oad _ 6 . 1 6 0  = 5 ^ ^ / mm2
ar ea  110
w e l l  bel ow a l umi n i um y i e l d  s t r e s s  o f  185/ mm2
2)  b u c k l i n g : -  us i ng  P = tc2EI  where I = 390mm
I 2 E = 69 x 1 0 9N/ m2
I  v a l u e  f o r  o v a l  s e c t i o n  = 24. 5mm4
P = 7T 2 - 69 x 1 0 9 x 2 4 . 5  x 1 0 ~ 9
. 395 2
34 KN
The f o l l o w i n g  c a l c u l a t i o n s  f o r  t h e  c e n t r e  s t r u t  
i n c l u d e  t h e  p i s t o n  s i z e  f o r  a h y d r a u l i c  c y l i n d e r  
t o  d r i v e  t h e  c e n t r e  mechan i sm as d i s c u s s e d  on 
page 128 .
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1)  P i s t o n  s i z e  f o r  c y l i n d e r  f o r  h y d r a u l i c  c i r c u i t .  
I f  f o r c e  i n  c e n t r e  u n i t  = 5200N
Let  P = 5200N
To d e c i d e  on d i a m t e r  o f  rod u s i ng
P = 7t2EI  . . . . „' ' ^  f o r  p i n  j o i n t e d  s t r u t
where L = 955.52mm
f o r  s t e e l  E = 200 x 1 0 9N| m2
I  = second moment o f  
a r e a
I  = PL^ = 5200 x ( 0 . 9 5 5 5 2 ) 2
* 2E tt 2x 200 x 1 0 9
= 2 4 . 0 6  x 10 - 1 °
4For  c i r c u l a r  s e c t i o n  I  = x D 4  . \ D  = 164
64 7r
where D = d i a m e t e r
. \ D 4 = 2 4 . 0 6  x 1 0 ~ 10 x 64  
TC
D = 1 . 4 9  x 1 0 “ 2
= 14.9mm
The minimum d i mens i on  o f  rod needed = 15mm
2)  As t h e  h y d r a u l i c  system d i d  not  work t h e  
f o l l o w i n g  s t r u c t u r e  was e v a l u a t e d  f o r  t h e  c e n t r e  
bai; us i ng  a l umi n i um c h a n n e l .
44.45mm squar e  and 1.5875mm w a l l  t h i c k n e s s .
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2For r e c t a n g u l a r  s e c t i o n  I  = BD
12
/ . I  = (BD3) -  ( b d 3)
12 12
= 4 4 . 4 5 4 -  4 2 . 9 5  x 4 1 . 2 7 5 3
12 12
= 7 . 3 6 4  x 10_8m4
Using P = ^ E I  where I = 973mm
I E f o r  Aluminium =
69 x 109N|m2
P = ^ x  69 x 1 0 9 x 7 . 3 6 4  x 10~8 
0 . 9 7 3 2
= 5 2 . 9 7  x 1 0 3N
This i s  g r e a t e r  than t h e  f o r c e  in the system 
t h e r e f o r e  i t  can be used.
Many i deas  were a g a i n  e x p l o r e d  and some were t h e n  
s e l e c t e d  f o r  f u r t h e r  e x a m i n a t i o n .  The n a t u r e  o f  
t he  mechanism r educed t h e  number of  p o s s i b l e  wo r k ­
a b l e  s o l u t i o n s  as t h e  c r i t e r i a  f o r  t he e l e v a t i n g  
system r e q u i r e  t h a t  i t  shoul d  be capabl e  of  
e l e v a t i n g  t hr ough 500mm y e t  f o l d  down i n t o  150mm 
i n c l u d i n g  t he  o p e r a t i n g  mechanism and l o c k .  T h i s  
p r e c l u d e d  t he  use of  any form of  v e r t i c a l  l i f t
-  1 2 5  -
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mechanism and L e f t  as t he  o n l y  wo r k a b l e  s o l u t i o n  
some form o f  h o r i z o n t a l  s l i d e  i n t h e  c e n t r e  o f  t he  
un i t .
4 . 3 . 6  Whi l e  exami n i ng  and a s s e s s i n g  t h e  most  l i k e l y  
methods o f  e l e v a t i n g  t he  t r o l l e y ,  t h e  p o s s i b i l i t y  
of  l i n k i n g  t he  T r e n d e l e n b e r g  p o s i t i o n  o p e r a t i n g  
mechanism i n t o  t h e  e l e v a t i n g  mechanism was e x p l o r e d .  
The e l e v a t i n g  mechanism chosen seemed t o  p r o v i d e  a 
good system f o r  t h i s  dua l  pur pose and e x p l o r a t i o n  
w i t h  t he  models e na b l e d  bot h T r e n d e l e n b e r g  and a n t i -  
T r e n d e l e n b e r g  p o s i t i o n s  t o  be a t t a i n e d  by a d j u s t ­
i ng t he  d i s t a n c e  between t h e  p a r a l l e l  l i n k s  a t  t h e  
c e n t r e  i n  one or  t he  o t h e r  d i r e c t i o n .
4 . 3 . 7  I n  t he  meant i me d i f f e r e n t  methods o f  l o c k i n g  t he  
c e n t r e  s l i d e  u n i t  were exami ned and t r i e d .  The 
most obv i ous  method was t o  use a r a t c h e t  system 
but  t h i s  has t he  d i s a d v a n t a g e  o f  some d e g r e e  o f  
no i se  d u r i n g  use and o f  l i m i t i n g  movement  t o  a 
s e r i e s  o f  p o s i t i o n s .  I t  was f e l t  a l s o  t h a t  t h e r e  
would be p r e j u d i c e  a g a i n s t  a r a t c h e t  syst em because  
o f  t he  pr obl ems e n c o u n t e r e d  w i t h  t h e  e x i s t i n g  
d e s i g n , a n d  i t  would be d i f f i c u l t  t o  meet  t h e  r e ­
q u i r e me n t s  o f  t he  s p e c i f i c a t i o n  whi ch d e t e r m i n e s  
t h a t  any l o c k i n g  mechanism c o n t r o l l i n g  t he  
e l e v a t i o n  and descent  o f  t h e  t r o l l e y  bed shoul d  
c o n t a i n  some form of  s a f e t y  d e v i c e  t o  p r e v e n t  t h e  
bed f rom f a l l i n g  i n  t h e  eve nt  o f  mechanism f a i l u r e .  
Thi s  r e s u l t e d  i n t he  deve l opment  of  f r i c t i o n  de ­
v i c e s  shown i n f i g s .  58 8 59 but  t h e s e  were r e j e c t ­
ed as be i ng  i n a d e q u a t e  a f t e r  s c a l e  mock-up t r i a l s .  
These l o c k i n g  systems were a l l  based on me c h a n i c a l  
d ev i ce s  but  a n o t h e r  method i n v e s t i g a t e d  t h e  use of
a h y d r a u l i c  c i r c u i t  t o  c o n t r o l  t h e  e l e v a t i n g  
mechanism.  The use of  h y d r a u l i c s  a l s o  p r o v i d e d  
t he  o p p o r t u n i t y  to i n v e s t i g a t e  t he  p o s s i b i l i t y  of  
p r o v i d i n g  e i t h e r  a s s i s t a n c e  t o  t he  manual  l i f t  
r e q u i r e d  t o  e l e v a t e  t he  t r o l l e y  or  t h e  f u l l  l i f t ­
ing power .  A c i r c u i t  d i agr am f o r  a s s i s t i n g  t h e
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Ratchet bar forms part of centre s tru t
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-  1 3 0  -
to •
CI c OJ T J CO T J
+ J 3 : OJ X c a) OJ<u o x 4-> CO c C
t d X X -P OJ QJ
OJ t— CO - P s- TD CO X+-> CD CO o S- o - X 4 4■ 4 - to c 4 - CO i— o CO CD•i— •r— • p— to o rO r— a i cp— • -C + J 4-> X C 3 QJ
c 0 ) p— o S- CL o 4-> PCM CD o TD o > cO •p— •p— C O -P
VXD C • p— • p— X • p— CL X +-> QJ 4-> to44 r— a . CO u >• cu •r— CO to TD OJ OJ s -
CD CO \ s- p— a i a i TD s - ID QJ
O 4 4 ca QJ o X CO CL TD 44
L i- CO CL i~ X p— c t— cO•r— o p— cO T J o E r—TD CL QJ CO +-> QJ 4-4 OJ! 1 QJ CL •p— L- CO E 44 •p-P u 44 cO •p— m L- CD CO to
OJ cO to CL • a c O c >> 4 4
O . > a> o 4 - •f— CO c
> , qj r— X p— 4-> • r— c OJ■P r — cO - p cO o 4 4 C QJ QJ c
o QJ s- s - QJ cO o 4 - X o4-4 -(-> X -P L - > • p— 4 - 4-4 CL
o QJ c 44 C S- QJ X • r— Es- X QJ •p— QJ O p— QJ •P c o
CL -l-> O 3 U CJ QJ TD CO •c~ o
-  131 -
r—
co OJs- X4-> 4->c
QJ d p—<_> c OJ
OJ 3 1—X o CO+J X
t o
s-
cC4- Q .CO O ■PCO c OJ
3 OJ X• QJ E +4d •p— OJ•p~ > d s-u_ c oQ . (O 4-3 i _ »
i - QJ 4->
OJ cO d •r—
t o CO co QJ •t— 31— T ) S_
u • r— t - dr— cO QJe t t o O i—
-  1 3 2  -
l i f t  i s  shown i n f i g .  6 0 ,  however ,  a f t e r  c o n s u l t ­
a t i o n  w i t h  h y d r a u l i c  systems e n g i n e e r s  and o b t a i n ­
i ng q u o t a t i o n s  f o r  t he  n e c e s s a r y  c y l i n d e r s  and 
v a l v e s  t h i s  system had t o  be abandoned on t he  
grounds of  t he  p r o h i b i t i v e  p r i c e  f o r  t h e  e q u i p m e n t ,  
a c y l i n d e r  would cost  £ 5 8 . 0 0  and a 3 way v a l v e  
£ 5 5 . 0 0 ,  and t he  e x t r a  we i g h t  ( 9Kg)  t h a t  woul d be 
added t o  t h e  t r o l l e y  u n i t .
4 . 3 . 8  T h i s  l e f t  no a l t e r n a t i v e  t o  t he  me c h a n i c a l  d e v i c e  
f o r  c o n t r o l l i n g  t h e  e l e v a t i n g  mechanism and a g a i n  
t he  r a t c h e t  seemed t he  o n l y  v i a b l e  sys t em.
S e v e r a l  methods of  us i ng  a r a t c h e t  system were  
p r o p o s e d ,  two of  which a r e  shown i n f i g . 6 1 .  The 
l o c k i n g  system was c o m p l i c a t e d  by t he  c o m b i n a t i o n  
of  t he  T r e n d e l e n b e r g  p o s i t i o n  w i t h  t he  e l e v a t i n g  
mechanism as two l ocks were r e q u i r e d  whi ch woul d  
need s i mu l t a n e o u s  o p e r a t i o n  t o  a c h i e v e  t h e  
T r e n d e l e n b e r g  p o s i t i o n  but  t h e  o p e r a t i o n  o f  one 
l ock o n l y  f o r  e l e v a t i o n .  However ,  none o f  t h e s e  
s o l u t i o n s  were s a t i s f a c t o r y  b e i ng  cl umsy and r e ­
q u i r i n g  a complex me c h a n i c a l  l i n k a g e  t o  o p e r a t e  
t hem.  The s o l u t i o n  t o  t h e  l o c k i n g  d e v i c e  was 
a l s o  dependant  on t h e  a r r ange ment  of  t h e  s l i d i n g  
mechanism and as i deas  f o r  t h i s  changed so d i d
i deas  f o r  t he  l o c k i n g  d e v i c e .
4 . 3 . 9  P r o t o t y p e  1 was b u i l t  u s i ng  t h e  i n i t i a l  i d e a s  f o r
a s l i d i n g  mechanism where t h e  doubl e  p a r a l l e l  se t  
of  l egs were l i n k e d  t o g e t h e r  t o  form a s o l i d  u n i t  
when o n l y  e l e v a t i n g  t he  t r o l l e y .  F i g .  62 shows 
t he  t r o l l e y  be i ng  e l e v a t e d  and t he  l i n k  bet ween  
t he  p a r a l l e l  l egs can be seen.  The p a r a l l e l  l egs  
coul d be s e p a r a t e d  by t he  r e q u i r e d  d i s t a n c e  t o  g i v e  
e i t h e r  t he  T r e n d e l e n b e r g  or  a n t i - T r e n d e I e n b e r g  
p o s i t i o n .  The a c t u a l  s l i d e  c o n s i s t e d  of  a 
c a r r i a g e  c a r r y i n g  t he  p a r a l l e l  l egs w i t h  two n y l o n  
r o l l e r s  a t t a c h e d  t o  each p a i r  of  l egs on e i t h e r  
s i de  r unni ng  in a channel  on each s i de  o f  a c e n t r a l  
beam as shown i n f i g .  6 3 .  When l i f t e d  as
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demo n st r a t ed  i n f i g .  62 t h e  t r o l l e y  bed e l e v a t e d  
and t he  l egs s t r a i g h t e n e d  out  a t t a i n i n g  a more 
v e r t i c a l  p o s i t i o n  g i v i n g  g r e a t e r  s t a b i l i t y  t o  t he  
t r o l l e y .  On l o w e r i n g ,  t he  l egs r e f o l d e d  t o  t he  
o r i g i n a l  p o s i t i o n  as shown i n f i g .  64 .  Wi t h t h i s  
system T r e n d e l e n b e r g  and a n t i - T r e n d e l e n b e r g  were  
ach i e v e d  by a l t e r i n g  t h e  d i s t a n c e  bet ween t he  
p a r a l l e l  l eg u n i t s  a t  t h e  p i v o t  p o i n t s  on t he  
c e n t r e  b a r .  When t he  d i s t a n c e  between t h e  c e n t r e  
p i v o t s  i s  i n c r e a s e d  t h e  head cou l d  be r a i s e d  t o  
g i v e  t he  a n t i - T r e n d e l e n b e r g  p o s i t i o n  shown i n  
f i g .  65 and when t h e  d i s t a n c e  was dec r e ased  t h e  
T r e n d e l e n b e r g  was a c h i e v e d  as shown in f i g .  6 6 .
The d i s t a n c e  moved was d e t e r mi n e d  by a s l o t t e d  bar  
which en a b l e d  t h e  c o r r e c t  a n g l e  of  t i l t  t o  be 
m a i n t a i n e d .  However ,  as s t a t e d  above i t  pr oved  
ver y  d i f f i c u l t  t o  de s i g n  a s a t i s f a c t o r y  l o c k i n g  
d e v i c e  t h a t  was c o m p a t i b l e  w i t h  t he  r e l e a s e /  
l o c k i n g  mechanism f o r  t h e  e l e v a t i n g  p o s i t i o n .
4 . 4  The B a c k r e s t / H y p e r - e x t e n s i o n
4 . 4 . 1  As s t a t e d  above ( p a r a .  4 . 2 . 5 . )  t h e  b a c k r e s t  and 
h y p e r - e x t e n s i o n  f a c i l i t y  were seen as one u n i t  i n  
t he  e x i s t i n g  t r o l l e y  d e s i g n  t hough t h e r e  were no
i n d i c a t i o n s  t h a t  t he  h y p e r - e x t e n s i o n  f a c i l i t y  was
used.  The b a c k r e s t ,  however ,  i s  one o f  t h e  most  
used f e a t u r e s  on t h e  t r o l l e y  as e v e r y  p a t i e n t  
c a r r i e d  as a s t r e t c h e r  case r e q u i r e d  t h e  s i d e  arms
up and u s u s a l l y  t he  b a c k r e s t  a d j u s t e d  t o  some a n g l e
f rom t he  h o r i z o n t a l .  I t  i s ,  t h e r e f o r e ,  v e r y  
i mp o r t a n t  t h a t  t h i s  f e a t u r e  shoul d  be r e l i a b l e  as 
t he  r i s k  t o  p a t i e n t s  a l r e a d y  s u f f e r i n g  f rom p a i n  
and shock would be u n a c c e p t a b l e  i n  t he  e v e n t  o f  
f a i l u r e .  I t  a l s o  r e q u i r e d  t o be s t r o n g  enough t o  
suppor t  t h e  h e a v i e r  p o r t i o n  of  t he  body we i g h t  t h a t  
i s  d i s t r i b u t e d  over  i t .
4 . 4 . 2  I t  was d ec i de d  t h a t  t he  s u p p o r t i n g  system and l o c k ­
ing d e v i c e  f o r  t he  b a c k r e s t  r e q u i r e d  i n v e s t i g a t i o n
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a l l o w i n g  f o r  t he  p o s s i b i l i t y  of  i n c o r p o r a t i n g  t he  
h y p e r - e x t e n s i o n  u n i t  i f  nec essa r y  w i t h  t h e  b a c k r e s t .  
At f i r s t  t h e  p o s i t i o n  of  t h e  e x i s t i n g  p i v o t  p o i n t s  
was r e t a i n e d  as t he  p i v o t  p o i n t s  f o r  t h e  new 
d e s i g n .  The s u p p o r t i n g  and l o c k i n g  mechanism i s  
r e q u i r e d  t o  r a i s e  t h e  b a c k r e s t  t o  a t  l e a s t  60°  
f rom t h e  h o r i z o n t a l  w i t h  a number o f  l o c k a b l e  
p o s i t i o n s  bet ween t hese  p o i n t s  and t o  s u p p o r t  t h e  
p a t i e n t  n e e d i n g  c a r d i a c  massage.  Once a g a i n  
v e r y  l i m i t e d  space i s  a v a i l a b l e  f o r  t h e  o p e r a t i o n  
of  t h e  mechanism and i t  was r e q u i r e d  t o  f i t  a r ound  
t h e  p i v o t  f o r  t h e  e l e v a t i n g  mechanism y e t  a l l o w  t he  
b a c k r e s t  t o  l i e  f l a t  i n  t h e  t op f rame when 
h o r i z o n t a l .
4 . 4 . 3  I deas  f o r  t h i s  were g e n e r a t e d ,  t hen  ass essed  and 
t h e  most p r o mi s i n g  ones deve l oped t o  model  s t a g e .  
They f e l l  i n t o  two main g r o u p s ,  t hose t h a t  r e q u i r e d  
t he  p i v o t  t o  r emai n on t he  top f rame and t o  a d j u s t  
t he  a n g l e  by means o f  a mechanism a t t a c h e d  t o  t h e  
b a c k r e s t ,  shown i n  f i g .  67 and t hose t h a t  p i v o t e d  
about  t he  b a c k r e s t  and were a d j u s t e d  on t h e  t op  
f rame as shown i n f i g .  68 .  I t  was f ound t h a t  
both methods o f  o p e r a t i o n  had maj or  p r ob l ems t o  be 
s o l v e d .  The er gonomi c r e q u i r e me n t s  f o r  o p e r a t i n g  
t he  b a c k r e s t  i n d i c a t e d  t h a t  t h e  o p e r a t i n g  l e v e r  
shoul d be f i t t e d  t o  t he  o u t e r  f rame of  t h e  b a c k ­
r e s t  where i t  shoul d  be e a s i l y  a c c e s s i b l e .  Where  
t h e  de s i g n  i n v o l v e d  t he  moving e l ement  a t t a c h e d  t o  
t he  b a c k r e s t  i t  was c o mp l i c a t e d  by t he  p r o b a b l e  
i n c o r p o r a t i o n  of  t h e  h y p e r - e x t e n s i o n  p o s i t i o n  and 
by t he  n a t u r e  of  t h e  moving p a r t s  which made t h e  
r e l e a s e  mechanism d i f f i c u l t  t o  o p e r a t e .  I t  was 
d e c i d e d , t h e r e f o r e ,  t o  examine in g r e a t e r  d e t a i l  t he  
a l t e r n a t i v e  p o s i t i o n .  Th i s  i n v o l v e d  t h e  a t t a c h ­
ment o f  t he  moving p a r t s  t o t he  top f rame w i t h  
t he  suppor t  p i v o t i n g  about  t he b a c k r e s t  f r ame  
which s i m p l i f i e d  t he  r e l e a s e  mechanism as i t  cou l d  
be a t t a c h e d  t o t he  suppor t  and move w i t h  i t  so
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kee p i n g  a f i x e d  l e n g t h .  However ,  t he  ma j or  
pr obl em c o n s i s t e d  o f  t he  p o s i t i o n i n g  o f  t h e  s l i d e  
a t t a c h e m e n t  i n  such a way t h a t  t h e r e  was no i n t e r ­
f e r e n c e  w i t h  t h e  e l e v a t i n g  mechanism,  no danger  o f  
t r a p p e d  f i n g e r s  d u r i n g  use of  t he  t r o l l e y  and 
ade qua t e  movement  t o  a l l o w  t he c o r r e c t  maximum 
a n g l e  t o  be o b t a i n e d .
4 . 4 . 4  On e x a mi n i n g  t h e  sup por t  system i t  became n e c e s s a r y  
t o  d e c i d e  on t h e  m e r i t s  o f  one c e n t r a l  s u p p o r t  as 
opposed t o  two s i d e  s u p p o r t s .  The two s i d e  
s u p p o r t s  gave b e t t e r  s t a b i l i t y  t han t h e  c e n t r a l  
sup p o r t  and cou l d  be f a s t e n e d  d i r e c t l y  t o  t h e  b a c k ­
r e s t  f r amewor k  w i t h o u t  r e q u i r i n g  a s e p a r a t e  p i v o t  
b a r ,  wher eas t h e  c e n t r a l  suppor t  coul d be more 
s u b s t a n t i a l  and woul d r e q u i r e  o n l y  one r e l e a s e /  
l o c k i n g  mechani sm.  The t ype  o f  suppor t  and i t s  
use woul d a f f e c t  t h e  des i gn  of  t he  l o c k i n g  d e v i c e  
as t he  e r gonomi cs  i n d i c a t e d ,  f rom t he  a c t i o n s  
r e q u i r e d ,  t h a t  i t  would be p r e f e r a b l e  t o  be a b l e  t o  
l i f t  t h e  b a c k r e s t  f r e e l y  w i t h o u t  o p e r a t i n g  a 
r e l e a s e  mechani sm,  but  t he  r e l e a s e  shoul d  be 
o p e r a t e d  t o  l ower  i t .  T h i s  i n d i c a t e d  some form of  
f r i c t i o n  o r  r a t c h e t  d e v i c e .  F r i c t i o n  d e v i c e s  were  
de v e l o p e d  as b e i n g  p r e f e r a b l e  f o r  t h e i r  q u i e t n e s s  
and t he  i n f i n i t e  number o f  p o s i t i o n s  o b t a i n a b l e  
w i t h i n  t h e  d i s t a n c e  s p e c i f i e d ,  but  a f t e r  mock-up  
t r i a l s  t h e s e  were r e j e c t e d  as be i ng u n r e l i a b l e  and 
l i k e l y  t o  s l i p  on w e a r i n g .  Th i s  l e f t  t h e  r a t c h e t  
d e v i c e  w h i c h ,  t hough n o i s y ,  coul d be r e l i e d  on t o  
r e t u r n  t o  i t s  ' on*  p o s i t i o n  on r e l e a s i n g  t h e  l ock  
r e l e a s e  l e v e r  and t h e y  do o f f e r  a number of  
p o s i t i o n s  w i t h i n  t he  r e q u i r e d  ang l e  r ange .
4 . 4 . 5  I t  was f i n a l l y  d ec i d e d  t h a t  P r o t o t y p e  1 shoul d  
have a two s i d e  suppor t  system runni ng on two 
s l i d e s  a t t a c h e d  t o  t he  top f rame as shown i n  
f i g .  69 .  As t h e  s l i d e s  f o r  t he  b a c k r e s t  were  
r e q u i r e d  t o  work above any p i v o t  f o r  t he  e l e v a t ­
ing mechanism t h i s  c o mp l i c a t e d  t he  top f r o n t  cr oss
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F i g .  70
A close up of the backrest support system showing the pivot attached 
to the backrest and the sliders on the horizontal slides. This 
illu s tra tio n  also shows clearly  the cranked cross pivots supporting 
the legs for the elevating mechanism.
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p i v o t  bar s  f o r  t he  e l e v a t i n g  mechanism whi ch were  
t hen  r e q u i r e d  t o  have a crank i n  each end ,  j u s t  
b e f o r e  t he  c a s t i n g  were a t t a c h e d ,  i n o r d e r  t o  
accommodate t he  s l i d e s .  The sup por t s  were a t t a c h ­
ed t o  t he  s l i d e s  by smal l  s l i d i n g  u n i t s  which had 
ny l on  b l o c k s  a t t a c h e d  and moved over  t h e  ' I '  
s e c t i o n  a l umi n i um used f o r  t he  s l i d e s  whi ch i s  
shown i n  f i g .  70 .  Th i s  system would have r e q u i r e -  
ed two l o c k i n g  d e v i c e s  ope r a t ed  s i m u l t a n e o u s l y .
4 . 5  Wheel  U n i t s
4 . 5 . 1  Th i s  t i t l e  i n c l u d e s  t he  a c t u a l  c a s t o r  and t he
s u p p o r t i n g  c a s t i n g s  t h a t  enabl e  i t  t o  be a t t a c h e d
t o  t h e  main f r amewor k .  I n  t he  e x i s t i n g  t r o l l e y  
t h e  c a s t o r s  a r e  e x c e e d i n g l y  s t r ong but  a l s o  v e r y  
heavy and t h e r e  a r e  probl ems wi t h  t he  o p e r a t i o n
of  t h e  l o c k i n g  d e v i c e .  I t  was f e l t  t h a t  t h i s  was 
an a r ea  i n  which we i ght  coul d be saved by t h e  use 
of  a d i f f e r e n t  c a s t o r  and an e x a m i n a t i o n  o f  t h o se  
a v a i a b l e  w i t h  t he  e q u i v a l e n t  s p e c i f i c a t i o n  and 
w i t h  a d i a m e t e r  o f  125 -  150mm was u n d e r t a k e n .
The c a s t o r  f i n a l l y  s e l e c t e d  was t he  ' T r a v e l a i d  1 2 5 '  
by B r i t i s h  C a s t o r s ,  f o r  i t s  l i g h t  w e i g h t ,  smooth 
s i d e s  w i t h o u t  any pr o t u b e r a n c e s  t h a t  may c a t ch  on 
p a r t s  o f  t h e  ambul ance or  b u i l d i n g  i n  which i t  i s
used ,  and i t s  c l ean  a e s t h e t i c  a p p e a l .  The l o c k ­
i ng d e v i c e  f o r  t h i s  c a s t o r  i s  i n t e n d e d  t o  be i n ­
c o r p o r a t e d  w i t h i n  t he  c a s t o r  housi ng but  i s  s t i l l  
i n  p r o t o t y p e  f o r m,  and not  ye t  a v a i l a b l e  on t h e  
ma r k e t .
4 . 5 . 2  The s u p p o r t i n g  c a s t i n g s  a r e  r e q u i r e d  t o  accommodate  
not  o n l y  t he  c a s t o r s  but  t o  p r o v i d e  f i x i n g  p o i n t s  
f o r  t he  cross p i v o t  bars t h a t  suppor t  t h e  e l e v a t ­
i ng mechanism.  They ar e  r e q u i r e d  t o p r o v i d e  t he  
l o c k i n g  p o i n t  f o r  t he  l o c a t i o n  of  t he  t r o l l e y  w i t h ­
i n  t he  ambul ance and t he  s u p p o r t i n g  p o i n t s  bet ween  
t he top and bot tom f rame wh;n t he t r o l l e y  i s  i n
i t s  l owered p o s i t i o n .  I t  was a l s o  n e c e s s a r y  t o
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p r o v i d e  some means of  l o c a t i n g  t h e  two s e c t i o n s  
of  t h e  s u p p o r t i n g  c a s t i n g  t o  a vo i d  movement  when 
t he  t op f rame was l owered ont o t he  l ower  f rame and 
t o  p r o v i d e  a p i v o t  about  which t he  T r e n d e l e n b e r g  
p o s i t i o n  cou l d  be m a i n t a i n e d .  The s u p p o r t i n g  
c a s t i n g s  had t o  accommodate t he  shapes o f  t h e  
m a t e r i a l s  t h a t  would e i t h e r  be f a s t e n e d  t o  them or  
t h a t  t h e y  would be f a s t e n e d  t o .  These compr i sed  
t h e  f l a t  o v a l  t ube of  t he  l ower  f rame t o  whi ch t he  
c a s t i n g  r e q u i r e d  f i r m  f a s t e n i n g  as t h i s  f ormed t h e  
main c o n n e c t i o n  between t h e  wheel  u n i t ,  t h e  main 
f rame and t h e  cross p i v o t  b a r s .  These c a s t i n g s  
had a l s o  t o  i n c o r p o r a t e  a shaped s e c t i o n  t o  f i t  t h e  
l o c k i n g  d e v i c e  i n  t he  ambul ance which i s  d e s i g n e d  
around a 32mm maximum d i a m e t e r  c i r c l e .  Wi t h  a l l  
t h e s e  d i f f e r e n t  shapes t o  accommodate i t  was 
i n i t i a l l y  f e l t  t h a t  t he  t op s e c t i o n s  o f  t h e  c a s t i n g  
which a r e  a t t a c h e d  t o t he  f rames shoul d  r e t a i n  a 
rounded r e c t a n g u l a r  look which ex t ended i n t o  t he  
p o r t i o n  of  t he  c a s t i n g  t h a t  housed t h e  c r oss  p i v o t  
b a r s .  F i g .  71 shows t he  upper  p o r t i o n  o f  t he  
wooden model  be i ng t r i e d  i n an ambul ance l o c k .
T h i s  r e c t a n g u l a r  s e c t i o n  was t hen  t a p e r e d  i n t o  a 
round l eg which t e r m i n a t e d  i n t he  f a s t e n i n g  t o  t h e  
c a s t o r .
4 . 5 . 3  On a s s e s s i n g  t he  wooden model  of  t h i s  shape i t  was 
d ec i d e d  t h a t  t he  a e s t h e t i c  p r o p o r t i o n s  woul d be 
b e t t e r  a p p r e c i a t e d  i f  t he  p r e v i o u s l y  round l ower  
l eg remai ned as a r e c t a n g l e  w i t h  t he  c o r n e r s  
chamf er ed and t a p e r e d  t o  a squar e a t  t h e  c a s t o r  
f a s t e n i n g .  Th i s  can be seen i n  f i g .  6 4 .  The 
s e c t i o n  o f  t he  c a s t i n g  f a s t e n e d  t o  t he  t op f r ame  
was a l s o  t r e a t e d  as r e c t a n g u l a r  and t he  edges  
chamf er ed and t h i s  was formed wi t h  a s t op t o  
p r e v e n t  t he  b a c k r e s t  f rom f a l l i n g  t hr ough and an 
e x t e n s i o n  a l s o  square but  chamf er ed t h a t  met t he  
l ower  s e c t i o n  and was l o c a t e d  by t he  mee t i n g  of  
two s i n g l e - d i r e c t i o n  cur ved s u r f a c e s  whi ch a r e  a l s o  
shown i n f i g .  64 .  Thi s  shape was d e v e l o p e d  f rom t h e
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wooden model  t o  t he  des i gn  used on P r o t o t y p e  1.
4 . 6  C a r r y i n g  Handl es
4 . 6 . 1  I n  t he  e x i s t i n g  t r o l l e y  t hese  compr i se  t e l e s c o p i n g  
p o l e s  w i t h  p l a s t i c  handl es  at  t he  o u t e r  ends.  
Numerous probl ems were r e p o r t e d  c o n c e r n i n g  t h e s e  
and i t  was f e l t  t h a t  d i f f e r e n t  ways o f  a c h i e v i n g  
t h i s  f u n c t i o n  shoul d be exami ned.  I t  a l s o  seemed 
a p p r o p r i a t e  t h a t  as some probl ems a r e  due t o  t h e  
p o s i t i o n  of  t he  c e n t r e  o f  g r a v i t y  o f  a p a t i e n t  on 
t h e  t r o l l e y ,  t he  p o s i t i o n  of  t he  han d l e s  shoul d  be 
exami ned t o  d e t e r mi n e  t h e  bes t  h a n d l i n g  p o s i t i o n  
t o  overcome t h i s .
4 . 6 . 2  The c a r r y i n g  handl es  need t o  be l ong enough t o  
e n a b l e  t h e  person a t  t he  head t o  bend o v e r  bet ween  
them w h i l e  l i f t i n g  t h e  t r o l l e y  and f o r  t h e  per son  
at  t h e  f o o t  end t o  see where t hey  a r e  go i ng  and t o  
a v o i d  h i t t i n g  t he  f e e t  of  t he  c a s u a l t y .  The 
h and l es  a l s o  need t o  be capabl e  o f  b e i n g  s t o r e d  
when not  i n  use so t h a t  t hey  do not  c a t c h  on any 
p a r t s  i n  t h e  ambul ance nor  i n t e r f e r e  w i t h  w a l k i n g  
when t h e  t r o l l e y  i s b e i n g  pushed.  E x a m i n a t i o n  o f  
t h e  i d e a s  f o r m u l a t e d  showed t h a t  t h e r e  a r e  o n l y  
two main methods of  a c h i e v i n g  t hese  c r i t e r i a .
1)  T e l e s c o p i n g  handl es
2)  F o l d i n g  handl es
I t  was d ec i de d  to exami ne c a r e f u l l y  t he  p o s s i b i l i t y  
of  a t t a c h i n g  t he  handl es  t o  t he  t op f r a m e ,  n e a r e r  
t he  c e n t r e  of  g r a v i t y ,  t o  reduce t he  p o s s i b i l i t y  
of  o v e r t u r n i n g  i f  t he  t r o l l e y  i s  t i p p e d  or  t h e  
p a t i e n t  moves s ud den l y .  To ena b l e  t h e  h an d l e s  t o  
be accommodated on t he  t op f rame t he  f o l d i n g  
v e r s i o n  would be r e q u i r e d  as t he  o u t e r  cur ves  would  
not  a l l o w  t he  f i x i n g  of  a t e l e s c o p i n g  v e r s i o n .  
However ,  a f t e r  s e r i o u s  c o n s i d e r a t i o n  and b u i l d i n g  
mock-ups i t  was d e c i d e d , t h a t  though p r e f e r a b l e  
f rom t he  ergonomic a s p e c t ,  i t  would not  be p o s s i b l e  
t o  use t he  handl es on t h e  t op f rame because o f  t h e
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This showed that there would be leg interference.
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r e s t r i c t i o n  of  s p a c e ,  t h e  n a t u r e  of  t h e  e l e v a t i n g  
mechanism and t h e  need t o  be a b l e  t o  use a l l  t he  
f a c i l i t i e s  on t h e  t op f rame w i t h o u t  h a v i n g  t o  move 
h a n d l e s .  I t  was a l s o  f e l t  t h a t  t he  e x t r a  l i f t i n g  
h e i g h t  r e q u i r e d  t o  put  t he  t r o l l e y  i n t h e  ambul ance  
would be u n a c c e p t a b l e .  I t  was d e c i d e d ,  t h e r e f o r e ,  
t h a t  t h e  h and l es  would need t o  be l o c a t e d  on t h e  
l ower  f r a me .
4 . 6 , 3  Once a g a i n  t h e  q u e s t i o n  o f  which v e r s i o n  t o  use
ar ose  and a f t e r  c o n s i d e r a t i o n  t h e  f o l d i n g  t y p e  was 
s e l e c t e d  because t h e  f l a t - o v a l  s e c t i o n  woul d make 
t he  use of  a t e l e s c o p i n g  handl e  w i t h i n  t h e  l ower  
f rame d i f f i c u l t  and woul d c o m p l i c a t e  t h e  f a s t e n i n g  
of  t h e  wheel  u n i t  c a s t i n g  t o  t h e  l ower  f r a me .  I t  
became n e c e s s a r y  t hen  t o  c o n s i d e r  p o s s i b l e  ways of  
s t o r i n g  a f o l d i n g  h an d l e  when not  i n  use and of  
s u i t a b l e  l e n g t h  t o  e n a b l e  t he  t r o l l e y  t o  be e a s i l y  
h a n d l e d .  A v a r i e t y  of  i d e a s  were exami ned and a 
t e s t  r i g  b u i l t  o f  one of  t h e s e  i deas  as shown i n  
f i g . 7 2 ,  but  t h i s  pr oved l i k e l y  t o  o b s t r u c t  w a l k i n g  
when push i ng  t he  t r o l l e y  as seen i n f i g s .  73 & 7 4 .  
T h i s  t e s t  r i g  was b u i l t  ont o  P r o t o t y p e  1 and con­
s t i t u t e d  t he  s t age  t h a t  t h e  d e s i g n  of  t h e s e  com­
ponent s  had r eached when P r o t o t y p e  1 was e v a l u a t e d .
4 . 7  F o w l e r ' s  Pos i t  i on
4 . 7 . 1  T h i s  f e a t u r e  i s  used t o  m a i n t a i n  t he  knees i n  an
e l e v a t e d  p o s i t i o n  but  because o f  a v a r i e t y  of
pr obl ems i s  seldom used.  On t he  e x i s t i n g  t r o l l e y
o p e r a t i o n  i s  by a handl e  which i s  p u l l e d  out  under  
t he  f o o t  end of  t h e  t r o l l e y  and t u r n s  a h o r i z o n t a l  
screw which s l i d e s  t he  end of  t he  t r o l l e y  i nwar ds  
pushi ng t he  l i n k e d  s e c t i o n s  upwards t o g i v e  t h e  
e l e v a t i o n .  As t h i s  mechanism i s  i n e f f e c t i v e  i t  
was d e c i d e d  t o  exami ne o t h e r  methods of  a c h i e v i n g  
t h i s  p o s i t i o n  w h i l e  a l s o  c o n s i d e r i n g  t he  p o s i t i o n  
of  t he  handl es  i n r e l a t i o n  t o  a l l  t he  o t h e r  mechan­
isms and t o  t he  h a n d l i n g  r e q u i r e m e n t s  o f  t h e  o t h e r  
f u n c t  i o n s .
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4 . 7 . 2  As b e f o r e  many i deas  were f o r m u l a t e d ,  t hen  assessed  
and t he  more p r o mi s i n g  ones deve l o ped  f u r t h e r .  I t  
seemed l o g i c a l  t o  a c h i e v e  b e t t e r  mec h a n i c a l  a d v a n t ­
age by d i r e c t l y  l i f t i n g  t h e  knees so i deas  were 
deve l oped t o  en a b l e  t h i s  but  were t hen r e j e c t e d  as 
t he  l ack  o f  space l i m i t e d  t h e  movement of  any 
v e r t i c a l  mechanisms.  T h i s  l e f t  once more 
o p e r a t i o n  i n  a h o r i z o n t a l  p l a n e  as s e e mi n g l y  t he  
on l y  p o s s i b l e  means of  a c h i e v i n g  t he  e l e v a t i o n .
4 . 7 . 3  One p o s s i b i l i t y  c o n s i d e r e d  p u l l i n g  t he  f o o t  end of  
t he  s e c t i o n  t owards t h e  mi d d l e  by us i ng a 
h o r i z o n t a l  screw w i t h  o p p o s i t e  t h r e a d s  on e i t h e r  
s i de  p l a c e d  acr oss  t he  t r o l l e y  so t h a t  o p e r a t i o n  
of  t he  f a c i l i t y  coul d be c a r r i e d  out  f rom e i t h e r  
s i d e ,  Two l e v e r s  a t t a c h e d  t o  t he  screw and t o  t he  
f o o t  end of  t he  s e c t i o n  as shown i n f i g .  75 cou l d  
t hen be moved acr oss  t h e  screw by t u r n i n g  i t  and,  
dependi ng on t he  d i r e c t i o n  of  r o t a t i o n ,  t he  
d i s t a n c e  moved by t h e  l e v e r s  f rom t h e  c e n t r e  pushed  
t he  l o e r  l eg s e c t i o n  away f rom t h e  screws and r a i s ­
ed t he  c e n t r e  as seen i n  f i g .  76 .  T h i s  i d e a  was 
deve l oped f rom an e a r l i e r  i dea  t h a t  used t h e  l e f t  
and r i g h t  hand t h r e a d e d  screw t o  r a i s e  t h e  c e n t r e  
l i n k a g e  d i r e c t l y  but  t he  space r e q u i r e d  t o  
accommodate t h i s  was g r e a t e r  t han  t h a t  a v a i l a b l e .  
The probl em wi t h  t h i s  sys t em,  however ,  i n v o l v e d
t he  a c t u a l  o p e r a t i n g  h a n d l e .  I f  t h i s  was made 
removabl e t hen t h e r e  would be a h i gh chance of  i t s  
bei ng l o s t ,  but  shoul d t he  handl e  remai n on t he  
screw bar  t hen two would be r e q u i r e d  and some 
means of  t u r n i n g  one w i t h o u t  t he  o t h e r  woul d be 
needed.  Thi s  f u n c t i o n  was not  i n c l u d e d  i n  
P r o t o t y p e  1 but  was d ev e l o ped  f u r t h e r  f rom t h i s  
st age t o  be b u i l t  i n P r o t o t y p e  2.
4 . 8  Si de Arms
4 . 8 . 1  As t hese p r o v i d e  t he  most obv i ous  s e c u r i t y  of  
which t he p a t i e n t  i s  aware i t  was c o n s i d e r e d
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Test r ig  for the side arm slide mechanism with the arm folded.
Fig. 78
Shows the arm vertical
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i mp o r t a n t  t o  t r y  and i mprove on t he  e x i s t i n g  
p e r f o r ma n c e .  The pr obl em w i t h  t he  e x i s t i n g  
des i gn  a r i s e s  f rom t h e  l e n g t h  and h e i g h t  o f  t he
arms which i s  d i c t a t e d  by t h e  n a t u r e  o f  t he  d e s i g n
and t h e  s t o r a g e  p o s i t i o n  o f  t h e  arms,  as w e l l  as 
t h e ' p o s i t i o n  of  t h e  t r o l l e y  i n  t h e  ambul ance and 
t he  p o s i t i o n  of  t h e  arms i n  r e l a t i o n  t o  o t h e r  
f a c i l i t i e s  on t h e  t op f r a me .  I t  became n e c e s s a r y ,  
t h e r e f o r e ,  t o  exami ne ways i n which t h e  h e i g h t  and 
l engt h  o f  t he  arms c ou l d  be i n c r e a s e d  w i t h o u t  en­
c o u n t e r i n g  t he  pr obl ems of  t h e  e x i s t i n g  d e s i g n .
4 . 8 . 2  The i deas  exami ned l ooked a t  t h e  v a r i o u s  ways o f
a c h i e v i n g  t h i s  and i n v o l v e d  t h e  use of  t e l e s c o p i n g  
arms t h a t  would e n a b l e  two h e i g h t s  t o  be u s e d ,  
doubl e  h i nged arms t h a t  would have t h e  same e f f e c t  
and arms t h a t  cou l d  be r a i s e d  one end a t  a t i me  t o
g i v e  a s l o p i n g  s u r f a c e  f o r  e a s i e r  access t o  t h e
p a t i e n t  i f  n e c e s s a r y ,  however ,  t h e s e  were a l l  
r e j e c t e d  as c o m p l i c a t e d  and u n s a t i s f a c t o r y  s o l u t i o n s  
t o  t he  pr ob l em.  As t h e s e  a l l  worked by s w i n g i n g  
t hr ough an arc f rom one v e r t i c a l  p l a n e  t o  a n o t h e r  
i t  was f e l t  a p p r o p r i a t e  t o  l ook f o r  a s o l u t i o n  t h a t  
would e n a b l e  t he  arms t o  be s t o r e d  i n  a n o t h e r  p l a n e  
f rom t he  v e r t i c a l .  The o n l y  s o l u t i o n ,  t h e r e f o r e ,  
appear ed t o  be t h a t  of  s t o r i n g  t h e  arm under  t h e  
t r o l l e y  i n  a h o r i z o n t a l  p o s i t i o n .  T h i s  cou l d  be 
a ch i ev ed  by us i ng a s l i d e  under  t h e  t r o l l e y  t h a t  
enabl ed t he  arm t o  be p u l l e d  out  t hen  swung up i n t o  
p l ace  and l ocked t h e r e .  F i g .  77 shows a mock-up  
of  t he  arm f o l d e d  and f i g .  78 shows i t  i n a 
v e r t i c a l  p o s i t i o n .  T h i s  i dea  had t he  l i m i t a t i o n  
t h a t  t he  h e i g h t  o f  t he  arm was d i c t a t e d  by t h e  
space a v a i l a b l e  under  t h e  t r o l l e y  but  t h i s  s t i l l  
enabl ed t he  arm t o  be h i g h e r  t han  t h a t  on t h e  
e x i s t i n g  model .  Th i s  a l s o  was not  used on 
P r o t o t y p e  1 but  was d ev e l o ped  f u r t h e r  f o r  
P r o t o t y p e  2.
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5 F I R S T  PROTOTYPE -  C o n s t r u c t i o n  & D e v e l o p m e n t
5. 1  I n t  r oduct  i on
5 . 1 . 1  Al t hough t he  f u n c t i o n s  d e s c r i b e d  i n Ch a p t e r  4 were  
des i gned as i n d i v i d u a l  i t ems t hey  were c o n s i d e r e d  
w i t h i n  t he  c o n t e x t  of  t he  whole and P r o t o t y p e  1 
was c o n s t r u c t e d  a t  t h i s  s t age  t o  enabl e  some of  
t hese  i deas  t o  be t e s t e d  i n  3 - d i m e n s i o n a l  wor k i ng  
form p r i o r  t o  f u r t h e r  deve l opment  or  r e - d e s i g n  as 
n e c e s s a r y .  The c o n s t r u c t i o n  o f  t he p r o t o t y p e  
t ook p l a c e  i n f o u r  main s e c t i o n s  whi ch,  a l t h o u g h  
s e p a r a t e  d e v e l o p me n t s ,  i n t e r a c t e d  and o v e r l a p p e d  
each o t h e r  d u r i n g  t h e  whol e p r o c e s s .
5 . 1 . 2  The f i r s t  maj or  pr obl em t o  be encount e r ed  i n  t h e  
devel opment  of  t h e  p r o t o t y p e  was t he  d i f f i c u l t y  o f  
o b t a i n i n g  t he  r e q u i r e d  s e c t i o n  i n t he  s p e c i f i e d  
m a t e r i a l .  The d es i gn  was based around a f l a t -  
o va l  t ube made as an a l unmi n i um e x t r u s i o n  which  
w i l l  be t h r e e  t o  f o u r  t i me s  cheaper  t han t h e  drawn 
t ube  used a t  p r e s e n t  and w i l l  enab l e  t h e  e x a c t  
shape r e q u i r e d  t o  be d e s i g n e d .  I t  was r e c o g n i s e d  
t h a t  t he  grade r e q u i r e d  f o r  a p r o d u c t i o n  v e r s i o n  
would not  be a v a i l a b l e  f o r  t h e  p r o t o t y p e  as t h i s  
would r e q u i r e  t he  d es i gn  of  a d i e  and t h e  manu­
f a c t u r e  of  a minimum q u a n t i t y ,  however ,  i t  was 
f e l t  more i mp o r t a n t  t o  have a r e p r e s e n t a t i o n  of  
t he  s e c t i o n  r e q u i r e d  t han  t h e  grade but  t h i s  
proved i mp o s s i b l e  t o  buy i n  sma l l  q u a n t i t i e s .
The probl em was f i n a l l y  s o l v e d  by o b t a i n i n g  e x ­
s t ock  t u b u l a r  m a t e r i a l  which was t hen hea t ed  and
r o l l e d  t o  t he  r e q u i r e d  s e c t i o n  i n t he  P o l y t e c h n i c
wor kshops.  Once t h e  m a t e r i a l  had been pr oduced  
i t  was p o s s i b l e  t o  pr oceed w i t h  t he  p r o t o t y p e  
c o n s t r u c t i o n .
5 . 2 Top Frame C o n s t r u c t i o n
5 . 2 . 1  The top f rame b a s i c a l l y  c o n s i s t s  of  a r e c t a n g u l a r
f rame wi t h  l a r g e  r a d i i  a t  t he  c o r n e r s .  Th i s  was
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v e r y  s i mp l e  t o  make once t he i n i t i a l  pr ob l em of  
bendi ng t h e  r a d i i  f o r  t he  cor ner s  had been r e ­
s o l v e d .  Th i s  was ach i ev ed  by making a f o r me r  
t h a t  gave t h e  c o r r e c t  r a d i u s  when t he  t ube  was 
f i l l e d  w i t h  sand,  p l ugged and bent  t h r o u g h  t he  
r e q u i r e d  a n g l e .  As i t  was d i f f i c u l t  t o  f i l l  and 
pl ug l ong l e n g t h s  of  s e c t i o n  i t  was d e c i d e d  t o  make 
f o u r  c o r n e r  p i e c e s  which were cut  t o  l e n g t h  t o  g i v e  
t he  r e q u i r e d  wi d t h  acr oss t he  t r o l l e y  and j o i n e d  t o  
t he  two s t r a i g h t  s i d e  p i eces  t o  g i v e  t h e  r e q u i r e d  
l e n g t h .  These p i e c e s  were t hen wel ded t o g e t h e r  t o  
form t h e  f rame w i t h  t he  depth of  t h e  f l a t - o v a l  
s e c t i o n  i n  t he  v e r t i c a l  p l ane  t o  g i v e  s t r e n g t h  i n  
t he  r e q u i r e d  d i r e c t i o n .
5 . 2 . 2  F u r t h e r  m o d i f i c a t i o n s  t o  t he  t op f rame t ook  p l a c e  
d u r i n g  t h e  deve l opment  o f  t he  e l e v a t i n g  system as 
i t  was n e c e s s a r y  t o  d e v i s e  and make t h e  f a s t e n i n g s  
t h a t  en a b l e d  t h e  cross p i v o t  bar s  t o  be a t t a c h e d  
t o  t h e  t op  f r a me .  As s t a t e d  p r e v i o u s l y  ( 4 . 5 . 2 )  
t h e  wheel  u n i t  c a s t i n g s ,  t he  upper  p o r t i o n s  o f  
which a t t a c h  t o t h e  t op f r a me ,  c a r r y  t h e  cr oss  
p i v o t  bar s  a t  each end but  t he  p i v o t  f o r  t he  
doubl e  p a r a l l e l  u n i t  was i n t e g r a t e d  w i t h  t h a t  o f  
t he  b a c k r e s t  and a t t a c h e d  t o t h e  t op f rame by t h e  
ny l on  bushi ngs  t h a t  c a r r i e d  t he  b a c k r e s t .  A l l
t hese  f i t t i n g s  were a t t a c h e d  t o  t h e  f r ame by
t hr ough  b o l t s .
5 . 3  Lower Frame C o n s t r u c t i o n
5 . 3 . 1  The l ower  f rame c o n s i s t s  of  t he  two s i d e  r a i l s
he l d  a p a r t  by t he  cross p i v o t  bar s  t h a t  c a r r y  t he  
e l e v a t i n g  mechanism.  Main work on t h i s  r e l a t e d  t o  
t he  f a s t n e i n g s  t h a t  enabl ed t he  cross p i v o t  ba r s  t o  
be a t t a c h e d  t o  t he  s i des  of  t h i s  r a i l  f o r mi n g  a 
r e c t a n g u l a r  f r amewor k .  Again as ment i oned  i n  
p a r a .  4 . 5 . 2 .  t he  wheel  u n i t  c a s t i n g s  formed t h e  
a t t a c h e me n t  p o i n t s  f o r  t he  head and f o o t  end p i v o t  
bars and a s p e c i a l  f i t t i n g  was needed f o r  t h e  
p i v o t  c a r r y i n g  t h e  second p a r t  o f  t he  do u b l e
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p a r a l l e l  u n i t .
5 . 4  E l e v a t i n g  Mechanism C o n s t r u c t i o n
5 . 4 . 1  T h i s  was d e s i gn ed  around t he  c e n t r a l  s l i d e /  
s u p p o r t  bar  and compr i sed t he  l egs f o r mi n g  t he  
p a r a l l e l  and s i n g l e  u n i t s  which at  one end p i v o t e d  
about  t h e  cr oss  p i v o t  bar s  on t he  top or  l ower  
f rame and a t  t h e  o t h e r  end p i v o t e d  about  a s p i g o t  
a t t a c h e d  t o  t he  c e n t r a l  b a r .  The l egs were made 
f rom t h e  f l a t - o v a l  s e c t i o n  and had each end 
r a d i u s e d  t o  a l l o w  t u r n i n g  w i t h o u t  c a t c h i n g  on 
o b j e c t s  above or  bel ow t he  t r o l l e y .  As t h e s e  
l egs were r e q u i r e d  t o  t u r n  about  t he  p i v o t s  ny l o n  
bushi ngs  were f i t t e d  t o  p r e v e n t  b i n d i n g  bet ween  
t he  a l umi n i um s u r f a c e s .  The c e n t r a l  s l i d e /  
s u p p o r t  was c o n s t r u c t e d  as s i mpl y  as p o s s i b l e  f rom 
t h r e e  l e n g t h s  of  channel  b o l t e d  t o g e t h e r  as shown 
i n  f i g .  72 w i t h  t h e  o u t e r  s e c t i o n s  f o r mi n g  t h e  
s l i d e  f o r  t he  c a r r i a g e  c a r r y i n g  t he  doubl e  
p a r a l l e l  u n i t .  The c a r r i a g e  as d e s c r i b e d  i n  p a r a .  
4 . 3 . 9 .  c o n s i s t s  o f  t he  doubl e  p a r a l l e l  l eg u n i t s  
a t t a c h e d  t o  ny l on  r o l l e r s ,  and he l d  t h e  c o r r e c t  
d i s t a n c e  a p a r t  by a bar  s l o t t e d  t o  a l l o w  t h e  use
of  t h e  T r e n d e l e n b e r f  p o s i t i o n  as shown i n  f i g ,  6 3 .
5 . 5  B a c k r e s t  C o n s t r u c t i o n
5 . 5 . 1  The f ramewor k  of  t h e  b a c k r e s t  c o n s i s t s  of  a f l a t -  
o v a l  open ended r e c t a n g l e  wi t h  r a d i u s e d  c o r n e r s .  
Agai n a s p e c i a l  f o r mer  had t o be c o n s t r u c t e d  t o  
e n a b l e  t h e  c o r r e c t  r a d i i  t o  be o b t a i n e d .  As t h e  
b a c k r e s t  was assembl ed compl et e  wi t h  t h e  cr oss  
p i v o t  and e l e v a t i n g  mechanism,  t he  f r amewor k  had 
t o  be made s i m u l t a n e o u s l y  w i t h  t he  top f r a me .
The deve l opment  of  t he  l o c k i n g  and o p e r a t i n g  system 
was added t p t h e  p r o t o t y p e  a f t e r  assembl y o f  t he  
main sec t  i o n s .
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5 - 6  P r o t o t y p e  1 -  Deve lopment
5 . 6 . 1  Th i s  p r o t o t y p e  was deve l oped and used t o  exami ne  
t h e  b a s i c  form and o p e r a t i n g  p r i c i p l e s  o f  t h e  main 
f u n c t i o n s .  On e l e v a t i n g  t he  t r o l l e y  f o r  t h e  f i r s t  
t i me  i t  i mme d i a t e l y  became a p p a r e n t  t h a t  t h e r e  was 
c o n s i d e r a b l e  l ooseness i n t he  e l e v a t i n g  sys t e m.
I n  e x p e r i m e n t i n g  w i t h  t he  system i t  was d i s c o v e r e d  
t ha  t hough l oose f i t t i n g  j o i n t s  account ed  f o r  some 
of  t h i s  movement ,  t he  main cause was t h e  t u r n i n g  
a c t i o n  t h a t  t he  l egs e x e r t e d  on t he  cr oss  p i v o t  
bars f o r c i n g  t hese t o  bend and r o t a t e  about  t h e  
wheel  suppor t  c a s t i n g s .  When r e i n f o r c i n g  br a c e s  
were f a s t e n e d  t o  t hese  t o  reduce movement t h e  
mechanism was s t i f f e n e d  c o n s i d e r a b l y .
5 . 6 . 2  Though t h e  f rame had been s t i f f e n e d  by t h e  
a d d i t i o n  o f  br aces t he  c e n t r a l  s l i d e / s u p p o r t  bar  
r emai ned l oose and t he  r i g i d i t y  of  t h i s  i n c r e a s e d  
by f i x i n g  t he  d i s t a n c e  between t he  c e n t r a l  p i v o t  of  
t h e  dou b l e  p a r a l l e l  l egs l o c k i n g  t he  T r e n d e l e n b e r g  
a d j u s t me n t  i n t o  t h e  h o r i z o n t a l  p o s i t i o n  as show i n  
f i g .  6 3 .  However ,  on e x a m i n a t i o n  i t  was d e c i d e d  
t o  r e - d e v e l o p  t h i s  u n i t  t o  l i g h t e n  t h e  w e i g h t  by 
r e d u c i n g  t he  m a t e r i a l  used and t o  s i m p l i f y  t h e  
o p e r a t i o n .  Th i s  was a c h i e v e d  by i m m o b i l i s i n g  t h e  
c a r r i a g e  and o b t a i n i n g  e l e v a t i o n  by s l i d i n g  t he  
c e n t r e  s e c t i o n  of  t he  c e n t r a l  suppor t  u n i t  i n  or  
out  bet ween t he  o u t e r  channel s  as d e mo n s t r a t e d  i n  
f i g s .  79 & 80 .  L i m i t e d  movement of  t he  c e n t r a l  
p i v o t s  a l l o we d  t he  d i s t a n c e  bet ween t he  p a r a l l e l  
l egs t o  be a d j u s t e d  t o o b t a i n  t he  T r e n d e l e n b e r g  or  
a n t i - T r e n d e  l enber g  p o s i t i o n s .  F i g .  81 shows t h e  
p o s i t i o n  of  t he  s t op r e l a t i v e  t o  t he  c a r r i a g e  when 
h o r i z o n t a l  and f i g .  82 shows t h e  d i s t a n c e  t he  
c a r r i a g e  moves in t he T r e n d e l e n b e r g  p o s i t i o n .
Th i s  i mproved v e r s i o n  had t he advant ages  of  
m i n i m i s i n g  t he moving p a r t s ,  r ed u c i n g  l o o s e n e s s ,  
p r o v i d i n g  a more r i g i d  u n i t  and r e d u c i n g  w e i g h t .  
However ,  a f t e r  c o n s i d e r a t i o n  of  t he  pr obl em
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i n v o l v e d  and d i s c u s s i o n s  w i t h  r e p r e s e n t a t i v e s  of  
F. W. Equi pment  C o . ,  L t d .  i t  was conc l uded t h a t  t h e  
i n t e g r a t i o n  of  t h e  T r e n d e l e n b e r g  o p e r a t i o n  i n t o  
t h e  e l e v a g i n g  mechanism would not  be f e a s i b l e  as 
when e l e v a t i n g  t he  t r o l l e y  w h i l e  i n  t h e  T r e n d e l e n ­
ber g p o s i t i o n  t he  a n g l e  changes w i t h  h e i g h t  f rom 
t he  r e q u i r e d  12°  t o  5°  o f  t i l t .  I t  was con­
s i d e r e d  i m p o r t a n t  t h a t  t h i s  a ng l e  sho u l d  r emai n  
c o n s t a n t  t h e r e f o r e  a s e p a r a t e  means of  o b t a i n i n g  
t h e  T r e n d e l e n b e r g  p o s i t i o n  was needed.  An o t h e r  
f a c t o r  c o n t r i b u t i n g  t o  t h i s  d e c i s i o n  was t h e  
d i f f i c u l t y  o f  d e s i g n i n g  a s a t i s f a c t o r y  but  s i mp l e  
l o c k i n g  system f o r  t h e  i n t e g r a t e d  mechani sm.  
S e p a r a t i n g  t h e  two systems s i m p l i f i e d  t h e  pr ob l em  
though i t  ,seemed l i k e l y  t o  i n c r e a s e  t he  w e i g h t  o f  
t he  t r o l l e y  by r e q u i r i n g  t h e  a d d i t i o n  o f  e x t r a  
component s .
5 . 6 . 3  On e l e v a t i n g  t h e  t r o l l e y  bed t he  l egs s t r a i g h t e n e d  
and t h e  a ng l e  bet ween them a t  which t h e  maximum 
h e i g h t  was o b t a i n e d  was a r b i t r a r i l y  se t  i n  t he  
f i r s t  d e s i g n .  However ,  i t  was r e c o g n i s e d  t h a t  
t h e r e  would be a maximum a n g l e  a t  whi ch t h e  l egs  
would r e - f o l d  e a s i l y  and which i f  i n c r e a s e d  would  
r e s u l t  i n  them r e ma i n i n g  s t r a i g h t .  P r o t o t y p e  1 
was u se d ,  t h e r e f o r e ,  t o  t e s t  t h i s  a n g l e  whi ch was 
found t o  g i v e  t he  best  p e r f o r ma n c e  60 °  f rom t h e  
h o r i z o n t a l  or  12CP bet ween t h e  l egs a t  t h e  c e n t r e .
5 . 6 . 4  The b a c k r e s t  mechanism was used on P r o t o t y p e  1 as
a t e s t  r i g  i n o r d e r  t o  assess t he  b a s i c  p r i n c i p l e s  
of  t he  o p e r a t i n g  mechanism.  T h i s  c o n s i s t e d  of  
two s l i d e s  c a r r y i n g  t he  su p p o r t s  -  one f rom e i t h e r  
s i d e  o f  t he  b a c k r e s t  as shown i n f i g .  70 .  The 
n e c e s s i t y  t o  keep a l l  wor k i ng  p a r t s  w i t h i n  t he  
f ramewor k  so t h a t  t he b a c k r e s t  coul d l i e  f l a t ,  
caused c o n s i d e r a b l e  d i f f i c u l t y  and t o  e n a b l e  t he  
s l i d e s  t o  be a t t a c h e d  above t he  cross p i v o t  bar s  
t hese  were ’ c r a n k e d '  at  e i t h e r  s i d e ,  as can be 
seen on f i g .  7 0 ,  and a t t a c h e d  t o  t he  t op f rame by
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t he  wheel  suppor t  c a s t i n g s .  Th i s  ' c r a n k '  c r e a t e d  
a ma j or  pr obl em wi t h  t he  s t r e n g t h  of  t he  cross  
p i v o t  b a r s ,  as to ena b l e  bendi ng t o  t he  r e q u i r e d  
a n g l e s ,  and f o r  l i g h t e r  we i g ht  t hey  were made of  
16mm o u t s i d e  d i a m e t e r  a l umi n i um t ube  w i t h  1.5mm 
w a l l  t h i c k n e s s .  However ,  t h i s  pr oved t o  be too  
l i g h t  and as ment i oned above t he  ' c r a n k *  a l l o w e d  a 
t u r n i n g  moment about  t he  wheel  sup por t  c a s t i n g s  
t h a t  was u n a c c e p t a b l e .  Th i s  showed c l e a r l y  t h a t  
t h e  cr oss  p i v o t  bar s  would need s t r e n g t h e n i n g  by 
i n c r e a s i n g  t h e  d i a m e t e r  and t h i c k n e s s  of  t h e  t u b e ,  
and e l i m i n a t i n g  t h e  ' c r a n k '  i n  t hem.  Ex p e r i me n t s  
e a r l i e r  had pr oved t h a t  i t  was not  p o s s i b l e  t o  
l ower  t h e  p i v o t  p o i n t s  of  t he  e l e v a t i n g  mechanism 
t o  accommodate t he  b a c k r e s t  t h e r e f o r e  t he  
o p e r a t i o n  o f  t he  b a c k r e s t  mechanism r e q u i r e d  r e ­
d e s i g n i n g  and devel opment  t o  a v o i d  t h i s  p r o b l e m.
5 . 6 . 5  As ment i oned i n  ( p a r a . 4 . 6 . 3 )  t h e  c a r r y i n g  hand l e s  
were a t t a c h e d  t o  t h e  p r o t o t y p e  i n  t h e  form o f  a 
t e s t  r i g ,  shown i n f i g .  7 2 ,  t o  e v a l u a t e  t he  
v i a b i l i t y  o f  us i ng t h a t  p a r t i c u l a r  p o s i t i o n  and 
method o f  f o l d i n g  t he  h a n d l e s .  T h i s  was shown t o  
be u n s u i t a b l e  because a l t h o u g h  i t  o f f e r e d  a 
p o s i t i o n  w i t h  easy access t o  t h e  handl e  ends f o r  
q u i c k  use ,  i t  o b s t r u c t e d  movement of  t h e  l egs when 
pushi ng t he  t r o l l e y .  E a r l i e r  e x p e r i me n t s  w i t h  a 
t e s t  r i g  had shown t h a t  t he  c a r r y  han d l e s  cou l d  
not  be used i n  any o t h e r  p o s i t i o n  on t he  t r o l l e y  
and t he  s o l u t i o n  t o  t he  probl em of  s t o r i n g  t he  
handl es  so t h a t  t hey  ar e  e a s i l y  a c c e s s i b l e  y e t  do 
not  cause o b s t r u c t i o n  and s t i l l  p r o v i d e  a d e qua t e  
l e n g t h  f o r  c o mf o r t a b l e  use was at  t h i s  s t a g e  
i n c o n c l u s i v e .
5 . 6 . 6  Dur i ng t he  devel opment  of  t he  des i gn  t o  be used i n  
P r o t o t y p e  2 ,  P r o t o t y p e  1 was used as a t e s t  r i g  
a g a i n s t  which i deas and mock-up models co u l d  be 
e v a l u a t e d .  I t  was t hen s t r i p p e d  down and t he  
b a s i c  t op and l ower  f rame used t o form t h e  s t r u c ­
t u r e  f o r  P r o t o t y p e  2.
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6 SECOND PROTOTYPE -  R e - d e s i g n  & F i n a l  C o n s t r u c t i o n
6 . 1  I n t r o d u c t i o n
6 . 1 . 1  The deve l opment  of  P r o t o t y p e  2 o c c u r r e d  i n  two 
s t a g e s .  Dur i ng  t he  f i r s t  s t age  t h e  f u n c t i o n s  
assessed on P r o t o t y p e  1 were r e - d e s i g n e d  and t h o se  
f u n c t i o n s  s t i l l  a t  des i gn  concept  s t a g e  were  
de v e l o p e d  i n t o  wo r k a b l e  s o l u t i o n s .  The second  
s t a g e  saw t he  c o n s t r u c t i o n  o f  t he  p r o t o t y p e  i n  
f u l l  wor k i n g  o r d e r  t o  d e mo n s t r a t e  t h e  p r i n c i p l e s  of  
t he  o p e r a t i n g  mechanisms t h a t  a r e  be i ng  pr oposed as 
t he  s o l u t i o n  t o  t he  pr obl ems d i s c u s s e d  d u r i n g  use r  
r e s e a r c h .  I n i t i a l l y  i t  was n e c e s s a r y  t o  r e s o l v e  
t he  r e l a t i o n s h i p s  bet ween t h e  e l e v a t i n g  mechani sm,  
t he  Tr ende- l enber g p o s i t i o n  and t h e  b a c k r e s t  as 
t h e s e  a f f e c t e d  t he  b a s i c  l a y o u t  o f  t h e  t r o l l e y  
s t r u c t u r e .  Once t h i s  had been d e t e r m i n e d  i t  
became p o s s i b l e  t o  have t h e  p r i n c i p a l  components  
f o r  P r o t o t y p e  2 machi ned w h i l s t  c o n t i n u i n g  t h e  
deve l opment  o f  t he  r e ma i n i n g  f u n c t i o n s ,  howeve r ,  
t h e  assembl y  of  t h e  t r o l l e y  cou l d  not  t a k e  p l a c e  
u n t i l  a l l  components were r e a d y .
6 . 2  Re - d e s i g n  and f u r t h e r  deve l opment
The maj or  change i n t he  s t r u c t u r e  of  t h e  t r o l l e y  
r e s u l t i n g  f rom t he  assessment  o f  P r o t o t y p e  1 was 
t h e  s e p a r a t i o n  of  t he  e l e v a t i n g  mechanism and 
T r e n d e l e n b e r g  o p e r a t i o n .  T h i s  i n v o l v e d  t h e  
a d d i t i o n  o f  a s ub - f r ame  t o  t he  s t r u c t u r e  t o  ensur e  
t h a t  t h e  e l e v a t i n g  mechanism t op p i v o t s  r emai n in  
a h o r i z o n t a l  p l ane  w h i l e  t h e  t op f rame s e p a r a t e s  
f rom i t  a t  t he  f o o t  end and h i nges about  t h e  head 
end p i v o t s  t o g i v e  t he  T r e n d e l e n b e r g  p o s i t i o n .
Th i s  change c o n s i d e r a b l y  a l t e r e d  t h e  concept  of  
t he  de s i g n  by i n t r o d u c i n g  a n o t h e r  component  and 
r e q u i r i n g  a n o t h e r  s e p a r a t e  f u n c t i o n .  The a d d i t i o n  
of  t he  sub - f r a me  not  o n l y  i n c r e a s e d  t he  we i g h t  by 
r e q u i r i n g  more m a t e r i a l ,  but  pr obl ems a l s o  a r ose
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i n  r e l a t i o n  t o i t s  p o s i t i o n  w i t h i n  t h e  c o n f i n e d  
space between t he  t op and l ower  f rames and t he  
c e n t r a l  u n i t  of  t he  e l e v a t i n g  mechani sm.  C a r e f u l  
a d j u s t me n t  was n e c e s s a r y  t o  f i n d  t he  minimum dept h  
of  a l umi n i um bar  t h a t  would p r o v i d e  s u f f i c i e n t  
s t r e n g t h  and ye t  f i t  w i t h i n  t he  space bel ow t h e  
top s u r f a c e  of  t he  t op f rame and t h e  s p i g o t s  f o r  
t he  l eg p i v o t s  o f  t h e  c e n t r e  u n i t .  The p o s i t i o n  
of  t h e  s u b - f r a me  i n  r e l a t i o n  t o  t he  w i d t h  o f  t h e  
t r o l l e y  r e q u i r e d  a t t e n t i o n  i n  r e s p e c t  t o  t h e  s i d e  
arms wh i c h ,  because o f  t h e  n a t u r e  o f  t h e  s l i d i n g  
system p r o p o s e d ,  a r e  dependant  f o r  t h e i r  h e i g h t  on 
t he  h o r i z o n t a l  space a v a i l a b l e  f o r  s t o r a g e  bet ween  
t he  t op and l ower  f rames acr oss  t h e  w i d t h  of  t h e  
t r o l l e y .  • A l l owances  a l s o  had t o  be made f o r  
o t h e r  mechanisms wor k i ng  bet ween t h e  t op  s u r f a c e  
of  t he  t r o l l e y  and t he  s u b - f r a me  such as t h e  b a c k ­
r e s t .  A f t e r  c a r e f u l  c o n s i d e r a t i o n  ,  as s t a t e d  
above ,  of  t h e  s t r u c t u r e  t o  be used f o r  t h e  sub-  
f rame i t  was d ec i de d  t h a t  a space o f  25mm would  
accommodate t he  mechanisms f o r  t h e  o t h e r  f u n t t i o n s  
l e a v i n g  a dept h o f  34mm f o r  t he  s u b - f r a me  a l l o w i n g  
c l e a r a n c e s .  Th i s  would e n a b l e  t h e  s u b - f r a me  t o  
be f a b r i c a t e d  f rom 3 1 . 7 5  x 6mm a l umi n i um f l a t  b a r .
6 . 2 . 2  The s o l u t i o n  t o  t hese  pr obl ems used i n P r o t o t y p e  2 
i s  shown i n  f i g .  83 and c o n s i s t s  o f  two l ong  
members one on e i t h e r  s i d e  o f  t h e  c e n t r e  w i d t h  and 
spaced 55mm a p a r t  so t h a t  when t h e  t r o l l e y  i s  
f o l d e d  t he  members f i t  on e i t h e r  s i d e  o f  t he  
c e n t r a l  suppor t  u n i t  and i n s i d e  t h e  l eg sys t em.  
Keepi ng t he  s ub - f r ame  c e n t r a l  i n  t h e  w i d t h  o f  t he  
t r o l l e y  gave maximum space f o r  t he  s i d e  arms but  
t o  g i v e  s t a b i l i t y  a cross member was f a s t e n e d  t o  
t he  head end o f  t he  s ub - f r ame  t h a t  spans t h e  w i d t h  
of  t he  cross p i v o t  bar  bet ween t he  wheel  s u p p o r t  
c a s t i n g s .  The s ub - f r ame  l i n k s  t he  cross p i v o t  
bars t o g e t h e r  by means of  lugs f i t t e d  w i t h  n y l o n  
bushi ngs t hr ough which t he  p i v o t  bar s  pass a l l o w ­
ing t he  bar s  to r o t a t e  when n e c e s s a r y .  The l ugs
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Pressure on the backrest 
forces the toggle round 
increasing the grip .
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p r o j e c t  above t he  s ub - f r ame  t o  keep t he  p i v o t  
c e n t r e s  Level  and t he  sub- f r ame below t h e  top s u r ­
f ace  of  t he  t r o l l e y  so t h a t  t he mechanisms f o r  t he  
o t h e r  f u n c t i o n s ,  such as t he  b a c k r e s t ,  co u l d  be 
accommodated bet ween t h e s e  two.
6 . 2 . 3  However ,  b e f o r e  t he  d i mensi ons and des i gn  o f  t he  
sub - f r ame  cou l d  be f i n i s h e d  i t  was f e l t  a p p r o p r i a t e  
t o  d e v e l o p  t h e  c e n t r a l  suppor t  u n i t  i n t o  a s a t i s ­
f a c t o r y  wo r k a b l e  s o l u t i o n .  The i deas  d e v e l o p e d  
d u r i n g  t h e  P r o t o t y p e  1 s t age  were r e c o n s i d e r e d  and 
f u r t h e r  deve l opment  was c a r r i e d  out  on s o l u t i o n s  
t h a t  r e q u i r e d  t h e  s l i d e  t o  be housed i n t h e  o u t e r  
s e c t i o n s .  A number of  ways of  a c h i e v i n g  t h i s  
were exami ned t h a t  used e i t h e r  a r a t c h e t  or
f r i c t i o n ' l o c k i n g  d e v i c e  but  none were c o n s i d e r e d  
s a t i s f a c t o r y .  E v e n t u a l l y  a dev i ce  was d i s c o v e r e d  
i n  use on a h o s p i t a l  e x a mi n a t i o n  couch t h a t  seemed 
t o  o f f e r  a s i mp l e  but  e f f e c t i v e  s o l u t i o n .  T h i s  
r e l i e d  on a g r a v i t y  he l d  f r i c t i o n  d e v i c e  shown i n  
f i g .  84 which a l l o w e d  an i n f i n i t e  number of  
p o s i t i o n s  a l ong  t h e  l e n g t h  of  t he  s u p p o r t i n g  r od .
On c o n s i d e r a t i o n  i t  was dec i ded to d ev e l o p  t h i s  
p r i n c i p l e  as a p o s s i b l e  s o l u t i o n  t o  t he  e l e v a t i n g  
mechanism l ock because of  i t s  s i m p l i c i t y ,  b u i l t -  
i n  s a f e t y  d e v i c e  and ease of  ma n u f a c t u r e .
6 . 2 . 4  As t he  e l e v a t i n g  mec h a n i s m, r e q u i r e d  a h o r i z o n t a l  
c e n t r a l  suppor t  i t  was necessar y  t o  des i gn  t he  
t o g g l e  l o c k i n g  d e v i c e s  t o  work i n t h i s  p o s i t i o n  
i n s t e a d  of  i n  t he  v e r t i c a l  as shown i n f i g .  85 .
Two t o g g l e  l ocks were used t o  p r o v i d e  l o c k i n g  i n  
both d i r e c t i o n s  about  a c e n t r a l  s h a f t  which ran on 
nyl on b e a r i n g s  i n  a square housi ng.  Th i s  housi ng  
a l s o  c o n t a i n e d  t h e  l ocks which ac t ed about  a l ower  
p i v o t  around t he  s h a f t .  I n i t i a l  t e s t s  pr oved  
t h a t  r e l y i n g  on a g r a v i t y  or  g r a v i t y - a s s i s t e d  
f r i c t i o n  g r i p  would not  be r e l i a b l e  i n a h o r i z o n t a l  
p o s i t i o n  and b u i l d i n g  a worki ng p r o t o t y p e  
con f i r me d  t h i s .
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The pr obl em was f i n a l l y  so l ved as shown i n  f i g .  86 
by us i n g  t h e  c e n t r a l  s h a f t  as a r a t c h e t  ba r  w i t h  
t he  t o g g l e  l ocks as t he  p i n s .  The c o m b i n a t i o n  of  
a g r a v i t y - a s s i s t e d  dual  l ock ensur ed t h a t  t h e  l ocks  
al ways f e l l  i n t o  p o s i t i o n  i f  r e l e a s e d  or  i f  t h e  
o p e r a t i n g  mechanism f a i l e d  p r e v e n t i n g  co mp l e t e  
c o l l a p s e  o f  t he  t r o l l e y  bed.  I t  was f ound t h a t  
t h i s  mechanism coul d be housed i n a 45mm x 2.31mm 
w a l l  t h i c k n e s s  squar e s e c t i o n  w i t h  a 25mm squar e  
r a t c h e t  bar  wor k i ng i n i t .  The p i v o t  s p i g o t s  f o r  
t he  l eg u n i t s  were a t t a h c e d  wi t h  t h e  d ou b l e  
p a r a l l e l  u n i t s  on t he  o u t e r  housi ng and t h e  s i n g l e  
l eg u n i t  a t  t he  o u t e r  end of  t he  i n n e r  r a t c h e t  b a r ,  
and as f o r  t he  p r o t o t y p e ,  s t e e l  s e c t i o n  was used 
t hese  were f a s t e n e d  by w e l d i n g .  T h i s  d e v i c e  
o f f e r e d  a nea t  s o l u t i o n  t o  t he  pr obl em o f  l o c k i n g  
t he  e l e v a t i n g  mechanism but  t he  pr obl em s t i l l  r e ­
mained t o  d e v i s e  a means of  r e l e a s i n g  t h e  l ocks  
when r e q u i r e d .  The user  r ese ar ch  showed t h a t  
a l t h o u g h  i t  would be p r e f e r a b l e  t o  use o n l y  one 
p o s i t i o n  when e l e v a t i n g  t he  t r o l l e y ,  t h a t  be i n g  
t he  s i d e  l o a d i n g  p o s i t i o n ,  i t  was s t i l l  n e c e s s a r y  
t o  p r o v i d e  bot h t he  s i de  and end l o a d i n g  p o s i t i o n s .  
Thi s  meant  t h a t  t h e  r e l e a s e  d e v i c e  r e q u i r e d  
o p e r a t i o n  f rom a t  l e a s t  two p o s i t i o n s  and i d e a l l y  
any o p e r a t i n g  l e v e r  or  handl e  shoul d  be s i t u a t e d  
on t h e  t op f rame a t  t he  a p p r o p r i a t e  hand p o s i t i o n  
f o r  l i f t i n g .  I t  was f e l t  t h a t  a system of  
mecha n i c a l  l e v e r s  f o r  r e l e a s i n g  t h e  t o g g l e s  woul d  
be c o m p l i c a t e d  and d i f f i c u l t  t o  l o c a t e  i n  t he  
l i m i t e d  space a v a i l a b l e  and a d j u s t  t o  t h e  v a r y i n g  
h e i g h t s ,  t h e r e f o r e ,  a cab l e  f rom t h e  t o g g l e s  t o  t he  
o p e r a t i n g  d e v i c e  seemed t o  o f f e r  t h e  most  f l e x i b l e  
and u n c o mp l i c a t e d  s o l u t i o n .  At t he  c e n t r a l  
suppor t  a r e l e a s e  system was a t t a c h e d  t o  t he  
t o g g l e s  as shown in f i g .  86 which o p e r a t e d  bot h  
t o g g l e s  s i m u l t a n e o u s l y  and t h e i r  r e t u r n  was en­
sured by t he  use of  a s p r i n g .  I n i t i a l l y  a s i n g l e  
cab l e  was a t t a c h e d  to t h i s  and t a k e n  up t h e  c e n t r e
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Fig . 87
The release lever fo r  the e leva t ing  mechanism at the foot end o f the t r o l l e y  
on the f in a l  version o f Prototype 2.
Fig. 88
The release/lock mechanism f i n a l l y  
developed fo r  Prototype 2 showing 
the cable attachment to the kevers 
on the top frame.
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l eg where i t  was a t t a c h e d  t o  a ' Bowden'  c a b l e  
ar ound t he  i n s i d e  o f  t he  t op f rame and r u n n i n g  
f rom t h e  b a c k r e s t  p i v o t  on one s i d e  round t h e  f o o t  
end o f  t h e  t r o l l e y  and t o  t h e  o p p o s i t e  b a c k r e s t  
p i v o t .  However ,  t h i s ,  though i t  would have en­
a b l e d  o p e r a t i n g  f rom anywhere around t h e  t r o l l e y  
f o o t  end ,  pr oved u n r e l i a b l e  because t h e  s t r e t c h  i n  
t h e  c a b l e  was g r e a t e r  t han t h e  movement r e q u i r e d  
t o  r e l e a s e  t h e  t o g g l e s .  I t  was t hen d e c i d e d  t o  
use two l e v e r s  s i t u a t e d  one a t  t he  f o o t  end o f  t he  
t r o l l e y  as shown i n  f i g .  87 and t h e  o t h e r  on one 
s i d e  a t t a c h e d  t o  t h e  i n s i d e  of  t he  t op f r a m e ,  and 
t o  use two i n d i v i d u a l  c ab l es  f rom t h e s e  t o  t h e  
c e n t r a l  s u p p o r t  u n i t .  F i g .  88 shows t h e  c o n t r o l  
r e l e a s e  mechanism i n use on t h e  f i n i s h e d  P r o t o t y p e  
2 .
6 . 2 . 5  Du r i ng  t h e  deve l opment  o f  t h e  s u b - f r a me  and e l e v a t ­
i ng mechanism f u r t h e r  i deas  t o  a c h i e v e  t h e  F o w l e r ' s  
p o s i t i o n  were e x p l o r e d .  As t h e  v a r i o u s  screw 
t h r e a d  s o l u t i o n s  had been r e j e c t e d  as u n s a t i s f a c t ­
or y  i t  was d e c i d e d  t o  exami ne o t h e r  ways of  a c h i e v ­
i ng t h i s  p o s i t i o n  by wor k i ng back t o  f i r s t  
p r i n c i p l e s .  The purpose of  t h e  F o w l e r ' s  p o s i t i o n  
i s  t o  e l e v a t e  t h e  knees t o  r e l i e v e  s t r a i n  o f  t he  
abdomi na l  musc l e s ,  and a nor mal  method of  a c h i e v i n g  
t h i s  woul d be t o l i f t  t he  c a s u a l t y ' s  knees up by 
p l a c i n g  an arm beneat h them.  T h i s ,  howeve r ,  can 
be e mb a r r a s s i n g  t o  t he  c a s u a l t y  but  i t  seemed 
p o s s i b l e  t o  l i f t  t he  a p p r o p r i a t e  s e c t i o n  o f  t h e  
t r o l l e y  bed under  t he  knees i n s t e a d  so m a i n t a i n i n g  
d i g n i t y  and a v o i d i n g  embar rassment  t o  t h e  c a s u a l t y ,  
but  t o  a c h i e v e  t h i s  some way of  l o c k i n g  t h e  s e c t i o n s  
when r a i s e d  had t o  be f ound .  Va r i o u s  methods o f  
doi ng t h i s  had a l r e a d y  been d i s c a r d e d  because of  
t he  pr obl em of  p r o j e c t i n g  l e v e r s  e x t e n d i n g  bel ow 
t h e  t r o l l e y  f rame but  i t  appear ed p o s s i b l e  t o  ma i n ­
t a i n  t h i s  p o s i t i o n  by us i ng a t o g g l e  l e v e r  at  t he  
f o o t  end o f  t he  s e c t i o n  w i t h  st ops t h a t  p r e v e n t e d
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more t han 180°  movement as shown i n f i g .  8 9 ,  t hen  
when t he  t o g g l e  l e v e r  p o i n t s  t owards t he  f o o t  o f  
t he  t r o l l e y  t he  bed l i e s  f l a t  but  as t h e  c e n t r e  
hi nge  bet ween t he  two s e c t i o n s  i s  l i f t e d  as shown 
i n  f i g .  90 t he  t o g g l e  l e v e r  swings o v e r  t o  p o i n t  
t owar ds  t he  head and t he  s e c t i o n  r emai ns i n a 
r a i s e d  p o s i t i o n ,  as seen i n  f i g .  91 .  T h i s  was 
d ev e l o p ed  as a t e s t  r i g  on an o l d  e x i s t i n g  t r o l l e y  
f rame as can be seen f rom f i g s .  90 and 91 and t h e  
d e t a i l s  o f  t h e  l i f t i n g  handl e  p o s i t i o n  and 
o p e r a t i o n  o f  t he  t o g g l e  l e v e r  f u r t h e r  d e v e l o p e d  
f o r  i n c l u s i o n  i n P r o t o t y p e  2 as shown i n  f i g .  92 .
6 . 2 . 6  A f t e r  deve l opment  o f  t he  F o w l e r ' s  p o s i t i o n  t h e  
T r e n d e l e n b e r g  p o s i t i o n  was c o n s i d e r e d  i n  t he  
c o n t e x t  o f  t he  use of  a s u b - f r a me .  T h i s  i n d i c a t e d  
t h a t  sup por t  t o  m a i n t a i n  t h i s  p o s i t i o n  woul d be 
r e q u i r e d  a t  t h e  f o o t  end o f  t he  t r o l l e y  wor k i n g  
bet ween t h e  sub- f r ame and t he  t op f r a me .  A h e i g h t  
of  296.2mm v e r t i c a l l y  f rom t he  p i v o t  p o i n t  was r e ­
q u i r e d  t o  g i v e  t he  recommended 1 2 . 5 °  o f  t i l t  but  
t he  o p e r a t i n g  mechanism would be r e q u i r e d  t o  f o l d  
down w i t h i n  t h e  space between t h e  t op f rame and 
t he  f o o t  end p i v o t  b a r .  Exper i men t s  w i t h  a f u l l  
s c a l e  d r a w i n g ,  t a k i n g  one end o f  t he  s u p p o r t s  t o  be 
t he  f o o t  end p i v o t  bar  a t t a c h e d  t o  t h e  s u b - f r a me  
and t h e  o t h e r  t o  be t he  cross bar  s u p p o r t i n g  t h e  
F o w l e r ' s  p o s i t i o n  t o g g l e  l e v e r  on t h e  t op f r a m e ,  
showed t h a t  t h i s  would on l y  be p o s s i b l e  by u s i n g  
a two s e c t i o n  bar  wi t h  t he  shor t  s e c t i o n  a t t a c h e d  
t o  t he  t op f rame and no more than 120mm l ong so 
t h a t  when f l a t  i t  f i t t e d  between t he  cr oss bar  and 
t he  i n s i d e  of  t he  end of  t he  top f r a me .  The 
l engt h  o f  t he  l ower  s e c t i o n  needed t o  be 230mm so 
t h a t  when ext ended t he two t o g e t h e r  i n a s t r a i g h t  
l i n e  gave t he  r e q u i r e d  350mm l engt h  t o  m a i n t a i n  
t he  1 2 . 5 °  of  t i l t ,  as shown in f i g s .  93 and 9 4 ,  
t hen when f o l d e d  t he  suppor t  w i l l  f i t  bet ween t h e  
hi nge w i t h  t he  top s e c t i o n  and t he  c r o s s p i v o t  bar
-  1 79  -
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Fig. 97
This shows the operating device fo r  the Trendelenberg pos it ion  on the f in a l  
version o f Prototype 2. The bar between the hinge acts as the operating 
lever fo r  th is  feature .
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on t he s u b - f r a me  as shown i n f i g -  95 .  T h i s  was 
a l s o  b u i l t  t o  t e s t  r i g  s t a g e  on t he  o l d  e x i s t i n g  
t r o l l e y  and e x p e r i me n t s  w i t h  s p r i n g s  showed t h a t  
t he  a d d i t i o n  of  two t o r s i o n  s p r i n g s  t o t he  t op  
s e c t i o n s  made t h e  h i nge  snap i n t o  p o s i t i o n  when 
s t r a i g h t  as shown i n f i g -  96 and t h i s  was 
s t r e n g t h e n e d  by us i n g  an over  c e n t r e  h i nge  
a r r a n g e me n t -
6 - 2 - 7  Th i s  o p e r a t i o n  was f u r t h e r  deve l oped and d e t a i l e d  
f o r  P r o t o t y p e  2 .  A l o c k i n g  system was needed t o  
p r e v e n t  t he  t op f rame l e a v i n g  t h e  s u b - f r a me  on 
l i f t i n g  when not  r e q u i r i n g  t he  T r e n d e l e n b e r g  
p o s i t i o n -  I t  seemed u n w i e l d l y  t o  have a s e p a r a t e  
l ock t h a t  would r e q u i r e  a n o t h e r  o p e r a t i o n  t o  r e ­
l ease  i t  so ways were exami ned t o  i n c o r p o r a t e  t he  
l ock i n t o  t he  mechani sm.  Thi s  was f i n a l l y  
a ch i e v e d  us i ng  t he  l a y o u t  shown i n f i g .  9 5 ,  by 
l o c a t i n g  a p i n  i n t h e  wheel  suppor t  c a s t i n g  i n  a 
s l o t  i n  t h e  s o l i d  end o f  t h e  cross p i v o t  b a r ,  
which a r e  not  v i s i b l e  i n  t h e  pho t ogr aph-  When 
r o t a t e d  t h e  s l o t  i n  t h e  cross p i v o t  bar  t u r n s  away 
f rom t he  p i n  and r e l e a s e s  t he  wheel  s u p p o r t  c a s t ­
ing a l l o w i n g  t h e  t op  f rame t o  r i s e -  R o t a t i o n  of  
t he  cross p i v o t  ba r  i s  o b t a i n e d  by pushi ng down­
wards on t h e  bar  c o n n e c t i n g  t he  two h i nges  on t h e  
suppor t  b a r s ,  as shown i n  f i g -  97 .  The s u p p o r t s  
ar e  s p r i n g  loaded and snap out  s t r a i g h t  as m e n t i o n ­
ed e a r l i e r  and shown i n  f i g -  96 .
6 . 2 . 8  The r e - d e s i g n  of  t h e  e l e v a t i n g  system and t h e
a d d i t i o n  of  t he  s u b - f r a me  e l i m i n a t e d  t h e  ' c r a n k e d '  
ends t o  t h e  cross p i v o t  bar s  which ar e  now s t r a i g h t .  
Thi s  r e q u i r e d  a r e - d e s i g n  o f  t he  wheel  s u p p o r t  
c a s t i n g s  as t he  p i v o t  f a s t e n i n g  p o i n t s  on t h e  t op  
f rame a r e  now c e n t r a l  i n s t e a d  of  below t he  f r a me .  
Thi s  gave t he  o p p o r t u n i t y  t o  r e - t h i n k  t he  
a e s t h e t i c s  of  t hese  c a s t i n g s  i n r e l a t i o n  t o  t h e  
d i f f e r e n t  s e c t i o n  shapes t h a t  ar e  connect ed to  
them e s p e c i a l l y  as i t  had been dec i ded f rom
-  1 8 4  -
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The wheel units were produced as sand 
castings for Prototype 2  -  end view 
showing the oval cut out which f i ts  
around the lever frame.
Side view showing the position of 
the cross pivot bars and the locating  
wedge on the top unit.
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P r o t o t y p e  1 t h a t  t he  s e c t i o n  p r o v i d i n g  t h e  Lock 
i n  t h e  ambul ance needs t o be c i r c u l a r  and o f  32mm 
d i a m e t e r  f o r  t h e  l ocks t o  be e f f e c t i v e .  T h i s  
l ock s e c t i o n  needs t o  be p a r t  of  t he  l ower  c a s t ­
i ng t o  p r e v e n t  i t s  p u l l i n g  out  of  t he  l ock sho u l d  
t he  t r o l l e y  jump when t he  ambulance i s  t r a v e l l i n g .  
On ex a mi n i n g  t hese  u n i t s  on P r o t o t y p e  1 i t  was 
d e c i d e d  t o  r e l a t e  t he  r a t h e r  square shape o f  t h e s e  
t o  t h e  c i r c u l a r  s e c t i o n  r e q u i r e d  f o r  t h e  l ock  and 
a wooden model  was made which was a d j u s t e d  t o  g i v e  
t he  f i n a l  shape r e q u i r e d  as shown i n  f i g .  98 .
T h i s  i n c o r p o r a t e d  a s e m i - c i r c u l a r  s e c t i o n  whi ch was 
chamf er ed i n t o  a s t r a i g h t  s i de  and on t h e  l ower  
c a s t i n g  t a p e r e d  t o  t he  wheel  u n i t .  Some r e d u c t i o n  
i n  m a t e r i a l s  was made by removing t he  m a t e r i a l  
o u t s i d e  t h e  t op and l ower  f rames where t h e  c a s t i n g s  
were made t o  f i t  around t he  f l a t  ov a l  shape and 
f a s t e n  t o  t he  f rame by means of  scr ews ,  t h r o u g h  
bot h c a s t i n g  and i n n e r  f rame w a l l ,  l o c a t e d  i n  t he  
h o l es  p r o v i d e d  t o  t a k e  t he  cross p i v o t  b a r s .  
Al t h o u g h  t h e  o u t e r  d i a me t e r  of  t h e  l o c k i n g  s e c t i o n  
i s  32mm t h e  c a s t i n g  was made wi t h  a 25mm d i a m e t e r  
s e c t i o n  and t h e  o u t e r  d i a me t e r  i s  p r o v i d e d  by t h e  
a d d i t i o n  o f  a p o l y e t h y l e n e  c o l l a r  which cus h i ons  
t h e  l o c k i n g  u n i t  and p r e v e n t s  r a t t l i n g  n o i s e .
These were pr oduced as sand c a s t i n g s  as shown i n  
f i g s .  99 and 100 f o r  P r o t o t y p e  2.
6 . 2 . 9  Du r i n g  t h e  d es i gn  of  t he  above f e a t u r e s  t h e  b a c k ­
r e s t  was a l s o  con s i d e r ed^as  p r o v i s i o n  had t o  be 
made f o r  t h i s  i n t he  des i gn of  t he  t op wheel  
sup p o r t  c a s t i n g s  and i n  t he d i me n s i o n i n g  o f  t he  
s u b - f r a m e .  The b a c k r e s t  f rame was not  changed  
f rom t h a t  used i n P r o t o t y p e  1 except  t h a t  i t  was 
dec i d e d  a f t e r  exami ni ng t he  ergonomic da t a  
a c c o r d i n g  t o  Dr ey f uss  ( 2 0 ) ,  t o l engt hen  t he  b a c k ­
r e s t  f rame f rom 650mm t o 725mm to accommodate t he  
l e n g t h  of  back f o r  a man of  aver age h e i g h t .  The 
neck p o s i t i o n  f o r  t he  hypei— e x t e n s i o n  f e a t u r e  i s
-  1 8 7  -
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Fig. 103
The f r i c t i o n  device was changed to a more pos it ive  ratchet system operated by a 
cable release to a handle inside the top of the backrest.
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a f i x e d  d i s t a n c e  t h a t  w i l l  accommodate a l l  head 
s i z e s  f rom t he  head end of  t he  t r o l l e y ,  and i t  was 
f e l t  t h a t  i t  would be e a s i e r  to a d j u s t  per sons  t o  
t h i s  p o s i t i o n  as t he  f i x e d  d i s t a n c e  ens ur es  t h a t  
t he  head w i l l  be p r o t e c t e d  by t h e  m a t t r e s s  when 
t i l t e d  back but  t h a t  t he  new l e n g t h  o f  b a c k r e s t  
w i l l  accommodate a l a r g e r  user  range t hen  b e f o r e .
6 . 2 . 1 0  Wi t h  t he  r emoval  of  t he cr anked p i v o t  bar s  as 
ment i oned above i t  became e s s e n t i a l  t o  exami ne  
o t h e r  methods of  o p e r a t i n g  and l o c k i n g  t h e  b a c k r e s t  
t h a t  woul d be capabl e  o f  wor k i ng w i t h i n  t h e  con­
f i n e d  space between t he  t op s u r f a c e  of  t h e  t r o l l e y  
and t h e  s u b - f r a m e .  I t  was s t i l l  f e l t  p r e f e r a b l e  
t h a t  t h e  o p e r a t i n g  mechanism shoul d be kept  
h o r i z o n t a l  between t he  b a c k r e s t  p i v o t  and t h e  head 
end o f  t h e  t op f rame wi t h  t he  p i v o t  and t h e  
s u p p o r t i n g  bar s  a t t a c h e d  t o  t he  b a c k r e s t .  F u l l  
s i z e  dr awi ngs  were used t o  d e t e r mi n e  t h e  d i me n s i o n s  
t h a t  would e n a b l e  t he  s u p p o r t i n g  bar s  t o  be f o l d e d  
i n t o  t h e  l i m i t e d  space a v a i l a b l e  and i t  was 
d e c i d e d  t h a t  w i t h  some a d j u s t me n t  t o  t h e  shape of  
t h e  sup por t  bar s  t he  o p e r a t i n g  mechanism and l ock  
would work between t he  su b - f r a me  and t h e  i n s i d e  of  
t he  head end of  t he t r o l l e y  as shown i n f i g s .  101 
and 1 02 .  I t  became n e c essa r y  t hen  t o  d e s i g n  a 
l o c k i n g  and r e l e a s i n g  system t h a t  would work w i t h i n  
t he  space of  203mm l engt h  and 40mm dept h and be 
cap a b l e  o f  o p e r a t i o n  f rom t he  head end of  t he  
b a c k r e s t  f r a me .  Thi s  p r e c l u d e d  some form of  
c a b l e  o p e r a t e d  mechanism,  and a cam- t ype  f r i c t i o n  
d e v i c e  was devel oped t h a t  compr i sed two cams t h a t  
worked w i t h i n  a channel  and r e l i e d  on t h e  w e i g h t  
on t h e  b a c k r e s t  t o r o t a t e  them about  an a x l e  t o  t he  
l ocked p o s i t i o n .  L i f t i n g  t he  b a c k r e s t  r e l e a s e d  
them and a l l o we d  i t  to be r a i s e d .  However ,  on 
t e s t i n g  t hese  were found t o  s l i p  t oo e a s i l y  and 
t he  b a c k r e s t  would f a l l ,  t h e r e f o r e ,  a n o t h e r  d e v i c e  
had t o be d e v e l o ped .  Th i s  worked i n t he  same
-  190  -
p o s i t i o n  as t h e  p r e v i o u s  one but  c o n s i s t s  o f  a 
r a t c h e t  p l a t e  w i t h  a bar  a c t i n g  ar ound a p i v o t  
which a l l o ws  i t  t o  f a l l  i n t o  p l a c e  and l ock  as 
shown i n f i g .  103 .  A cam a c t i o n  on t he  lugs  
a t t a c h e d  t o  t h e  bar  ensur ed t h a t  t h e  we i g h t  on t h e  
b a c k r e s t  kept  t he  bar  i n t he  l ocked  p o s i t i o n  but
once t he  b a c k r e s t  was l i f t e d  t hen  t h e  bar  was f r e e
t o  move t o a n o t h e r  p o s i t i o n .  The s u p p o r t s  were  
a t t a c h e d  t o  t h e  s i d e s  of  t he  b a c k r e s t  and bent  i n
as shown i n f i g .  102 so t h a t  t h e  ends a t t a c h e d  t o
t he  r a t c h e t  bar  i n t he  c e n t r e  were p a r a l l e l  t o  
each o t h e r  and t h e  c o r r e c t  d i s t a n c e  a p a r t .  The 
mechanism i s  r e l e a s e d  by a s p r i n g - l o a d e d  c a b l e  
shown i n f i g .  1 0 3 ,  t h a t  ensur es  t h e  r e t u r n  o f  t he  
r a t c h e t  bar  t o  t h e  l ocked p o s i t i o n .  The c a b l e  i s  
t a k e n  out  t o  t h e  head end o f  t h e  b a c k r e s t  where i t  
i s  a t t a c h e d  t o  an o p e r a t i n g  l e v e r  i n s i d e  t h e  l e f t  
c o r n e r  o f  t he  f rame and access t o  t h i s  l e v e r  i s  
t h r ough t he  gap l e f t  bet ween t h e  c o r n e r  r a d i i  of  
t h e  t op f rame and t h a t  of  t he  b a c k r e s t .  T h i s  
ensur es  t h a t  t h e r e  i s  no danger  o f  t r a p p i n g  
f i n g e r s  or  hands when r e l e a s i n g  t h e  b a c k r e s t  w i t h  
a we i g h t  on.
6 . 2 . 1 1  Wh i l e  d e s i g n i n g  t h e  b a c k r e s t  i t  was a p p r o p r i a t e  t o  
c o n s i d e r  t he  h y p e r - e x t e n s i o n  f a c i l i t y  as t h i s  
would need t o  be i n c o r p o r a t e d  e i t h e r  i n t o  t h e  b a c k ­
r e s t  or  be a p p l i e d  by some e x t e r n a l  means such as 
an added wedge shape t h a t  cou l d  be p l a c e d  under  t he  
neck .  Va r i o u s  me c h a n i c a l  means o f  a c h i e v i n g  t h i s  
p o s i t i o n  in t he  b a c k r e s t  were pr oposed but  a l l  
were c o mp l i c a t e d  and would have r e q u i r e d  t h e  
a d d i t i o n  of  j o i n t s  which would weaken t he  f r a me .
As none of  t hese  i deas  were s a t i s f a c t o r y  i t  was 
dec i d e d  t o examine t he  b a s i c  p r i n c i p l e s  o f  us i ng  
t h i s  p o s i t i o n  and d e r i v e  i deas  f rom t h i s .  At  
p r e s e n t  t h i s  p o s i t i o n  i s  m a i n t a i n e d  by p l a c i n g  a 
r o l l e d  b l a n k e t  under  t he  c a s u a l t y ' s  neck but  i t  
seemed u n s u i t a b l e  t o  propose t he  use of  a wedge
-  191 -
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u n a t t a c h e d  t o  t he  t r o l l e y  as t h i s  would t e n d  t o  
get  l o s t  or  be s t o r e d  away and not  a v a i l a b l e  when 
needed-  T h e r e f o r e ,  i t  appear ed l o g i c a l  t o  
examine ways of  a c h i e v i n g  t h e  same r e s u l t s  w i t h i n  
a p a r t  of  t he  t r o l l e y  system and as t he  b a c k r e s t  
had been a l r e a d y  r e j e c t e d  t h i s  l e f t  t he  m a t t r e s s .  
The c o n s t r a i n t s  were t he  t h i c k n e s s  o f  t h e  foam i n  
t h e  c e n t r e  of  t h e  c o n t o u r  m a t t r e s s  which i s  o n l y  
50mm whereas t h e  s i d e s  a r e  100mm, t h e  h e i g h t  r e ­
q u i r e d  t o  r a i s e  t he  neck s u f f i c i e n t l y  t o  t i l t  t he  
head back and keep an open a i r w a y  which i s  146mm 
f rom t h e  base of  t h e  m a t t r e s s  and t h e  n e c e s s i t y  t o  
keep t he  m a t t r e s s  c o mf o t a b l e  f o r  s i t t i n g  p a t i e n t s  
a t  a l l  t i m e s .
6 . 2 . 1 2  At f i r s t  a cam shaped u n i t  was d ev e l o p ed  t o  t h e  
shape o f  t h e  neck w i t h  t h e  head t i l t e d  back as 
shown i n  f i g s .  104 and 105 .  T h i s  was o p e r a t e d  by 
two l e v e r s ,  one on e i t h e r  s i d e  which r o t a t e d  t h e  
cam f rom t h e  f l a t  p o s i t i o n  i n s i d e  t he  dept h  o f  t h e  
m a t t r e s s  foam t o  u p r i g h t  where i t  p r o t r u d e d  above  
t he  foam t o  sup por t  t h e  nec k .  T h i s  system pr oved  
t o  be ve r y  d i f f i c u l t  t o  o p e r a t e  and i t  was d e c i d e d  
t h a t  i t  would be more c o m f o r t a b l e  t o  add some 
suppor t  under  t h e  s h o u l d e r s  when r a i s i n g  t h e  neck  
so a cr ank l e v e r  was d e s i gn ed  t h a t  l i f t e d  a h i nged  
p l a t e  as shown i n  f i g .  106 and m o d i f i e d  as show i n  
f i g .  107 .  T h i s  was made up and t r i e d  i n  a 
ma t t r e s s  but  was found t o  be v e r y  d i f f i c u l t  t o  
o p e r a t e  because of  t he t e n s i o n  and f r i c t i o n  i n t he  
m a t e r i a l  t o  be overcome as w e l l  as t he  w e i g h t  o f  
t he  s h o u l d e r s  and head t o  be l i f t e d .  I t  was 
dec i ded  t hen t o  t r y  r e v e r s i n g  t he  d i r e c t i o n  of  
o p e r a t i o n  o f  t h e  crank on t he  p l a t e  as t h i s  would  
r educe t he  we i g h t  t o  be l i f t e d  at  t h e  s t a r t  of  t he  
movement as shown i n f i g s .  1 0 8 ,  109 and 110 and 
wi t h  a d j u s t me n t s  t o  t he  m a t e r i a l  o f  t he  m a t t r e s s  
t h i s  proved t o be s u c c e s s f u l .  E v e n t u a l l y  a more 
e l a s t i c  m a t e r i a l  was bought  which so l ved  t he
-  1 9 7  -

pr ob l em of  s t r e t c h  i n t h e  m a t t r e s s  cover  when t he  
mechanism i s  r a i s e d -  T h i s  was p r o t o t y p e d  i n a 
m a t t r e s s  as shown i n  f i g s -  111 and 112 .
6 - 2 - 1 3  As t h e  p o s i t i o n  of  t h e  maj or  f u n c t i o n s  wo r k i n g  f rom 
t h e  l eg f rame had now been r e s o l v e d  i t  was f e l t  
a p p r o p r i a t e  t o  exami ne t he  p o s i t i o n  of  t h e  s i d e  
arms i n  r e l a t i o n  t o  t hese  as t h e i r  l o c a t i o n  i n  t he  
t r o l l e y  f r ame i s  dependant  on a c l e a r  space  
bet ween t h e  upper  and l ower  f rames i n whi ch t h e y  
can be s t o r e d  when not  i n  use-  The two l o n g e s t  
s e c t i o n s  of  t h e  s i d e  arms a r e  t h e  u p r i g h t  s u p p o r t s  
and t o  a c h i e v e  t h e  a d d i t i o n a l  h e i g h t  o v e r  t h e  
e x i s t i n g  t r o l l e y  arms i t  i s  ne c e s s a r y  t h a t  t h e s e  
f i t  h o r i z o n t a l l y  under  t he  t r o l l e y  and e x t e n d  
t owar ds  t h e  c e n t r e  as f a r  as t he  s u b - f r a m e -  T h i s  
i s  shown i n  f i g .  102 which shows t he  p o s i t i o n  of  
t h e  s i d e  arms when s t o r e d -  The r a i l s  o f  t h e  arm 
a l s o  f i t  h o r i z o n t a l l y  but  i t  was not  f e l t  n e c e s s a r y  
t o  have t h e  ends o f  t h e s e  as deep as t he  s u p p o r t s ,  
t h e r e f o r e ,  t h e y  cou l d  be accommodated bet ween t h e  
o u t e r  f rame and t h e  l eg u n i t s -  Ther e  a r e  o n l y  
two p l a c e s  i n  t h e  s t r u c t u r e  o f  t he  t r o l l e y  where  
t he  u p r i g h t  s u p p o r t s  can be accommodated and t h e s e  
l i e  bet ween t h e  p i v o t s  i n  t h e  c e n t r a l  s u p p o r t  u n i t  
of  t he  e l e v a t i n g  mechanism-  The l e n g t h  o f  t h e  
s i d e  arm was d e t e r mi n e d  by i n f o r m a t i o n  g a i n e d  f rom 
i n t e r v i e w s  w i t h  ambul ance p e r s o n n e l  and f rom 
p e r s o n a l  o b s e r v a t i o n  which i n d i c a t e d  t h a t  t h e  arm 
shoul d  be bot h h i g h e r  t han t he  e x i s t i n g . d e s i g n  and 
l o n g e r  t o  g i v e  b e t t e r  s e c u r i t y  t o  t he  p a t i e n t .
These s i d e  ar ms,  t h e r e f o r e ,  were des i gned t o  
p r o t e c t  t he  p a t i e n t  f rom s h o u l d e r  t o  m i d - t h i g h  
when l y i n g  i na  h o r i z o n t a l  p o s i t i o n .
6 . 2 1 4  Havi ng d e t e r mi n e d  t he  p o s i t i o n  of  t he s i d e  arms i t  
was now p o s s i b l e  t o  r e - d e s i g n  t he  s l i d i n g  and 
l o c k i n g  mechanism t h a t  ena b l e  them t o s l i d e  out  of  
s t o r a g e  and swing up i n t o  an u p r i g h t  p o s i t i o n  
above t he  t op f r a me -  The b a s i c  s l i d e  component
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Fig. 114
The side arm in the horizontal position showing the slide in the final version 
used fo r Prototype 2. The lever that releases the arm when locked upright 
can be seen under the top frame between the two side arm uprights.
Fig. 115
The lock is a spring-loaded pin which locates in a hole in the bracket on the 
upright. I t  is released by a cable attachment to the lever under the top
frame.
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deve l o ped  e a r l i e r  d u r i n g  work on P r o t o t y p e  1 was 
f u r t h e r  d e t a i l e d  but  t he  change i n s t r u c t u r e  of  
t he  t r o l l e y  r u l e d  out  t he  use of  a f u l l  l e n g t h  
s l i d e  u n i t  as t h i s  would have r e q u i r e d  s p e c i a l  
f a s t e n i n g  a r r a n g e me n t s .  Th i s  l ed t o t he  d e v e l o p ­
ment of  t h e  doubl e  s l i d e  u n i t  as shown i n f i g .  113  
where t h e  s l i d e  component  i s  he l d  c a p t i v e  w i t h  
l i m i t e d  movement and t he  u p r i g h t  forms a channe l  
round i t  t o  s l i d e  t h e  r emai n i ng  d i s t a n c e .  The 
s l i d e  component  f i t s  around t he  f l a t - o v a l  t ube  o f  
t he  t op f rame when t he  arms ar e  u p r i g h t  but  i n i t i a l  
i deas  t o  use t h i s  as p a r t  of  t he  l o c k i n g  d e v i c e  
were d i s c a r d e d  because of  t h e i r  c o m p l e x i t y .  I t  
was f e l t  t h a t  bot h u p r i g h t s  would need l o c k i n g  but  
t h e r e  sho u l d  o n l y  be one r e l e a s i n g  d e v i c e  and 
e v e n t u a l l y  t he  p r e s e n t  system shown i n f i g .  114 was 
d e v e l o p e d .  Two i d e n t i c a l  s p r i n g - l o a d e d  p i n s  i n  
housi ng a r e  f a s t e n e d  t o  t he  u p r i g h t s  of  t h e  s i d e  
arms.  When t h e  arms a r e  p u l l e d  out  of  s t o r a g e  and 
swing u p r i g h t  t he  lugs snap over  t he  p i ns  l o c k i n g  
them i n t o  p l a c e  as shown i n  f i g .  115 t hen t o  r e ­
l ease  them a s i n g l e  t o g g l e  l e v e r  i s  s i t u a t e d  
bet ween t he  two p i ns  by c a b l e s ,  and when moved t o  
one s i d e  t he  p i ns  a r e  r e t r a c t e d  and t he  arm r e ­
l e a s e d .  T h i s  compl e t ed t he  des i gn of  t h e  ma j or  
f u n c t i o n s  a t t a c h e d  t o  t he  top f rame of  t h e  t r o l l e y .
6 . 2 . 1 5  The r e ma i n i n g  two f e a t u r e s  t h a t  r e q u i r e d  d e v e l o p ­
ment f rom P r o t o t y p e  1 were t he  c a r r y  han d l e s  and 
t he  t owi ng  h a n d l e .  The c a r r y  handl es were  
deve l o ped  f rom t he  f o l d i n g  t ype  i dea as t h e  pr obl ems  
of  us i ng  a t e l e s c o p i n g  handl e  were c o n s i d e r e d  t oo  
d i f f i c u l t .  However ,  t h e r e  were a l s o  pr obl ems  
wi t h  t he  f o l d i n g  handl es  as t hese  were r e q u i r e d  t o  
be not  l ess  t han 51.6mm long but  needed t o  be 
s t o r e d  out  of  t he  way under  t he t r o l l e y  and i t  had 
been d ec i d e d  when d e s i g n i n g  P r o t o t y p e  1 t h a t  t h e s e  
handl es  would be l o c a t e d  i n t he l ower  f r a me .  I t  
was a l s o  r e q u i r e d  t h a t  t he  handl es shoul d be e a s i l y
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a c c e s s i b l e  and o n l y  one a c t i o n  t o  p u l l  out  or  
s t o r e  them would be a c c e p t a b l e .  Once a g a i n  a 
f u l l  s i z e  dr awi n g  was used t o  e n a b l e  v a r i o u s  
c o mb i n a t i o n s  of  p o s i t i o n  t b  be assessed and i t  was 
f i n a l l y  d e c i d e d  t o  use two handl es  of  e q u a l  l e n g t h  
set  a t  62mm f rom t he  end of  t he  l ower  f r a m e .  F i g .  
116 shows t h e  h i nge  c a s t i n g  i n t h e  l ower  f r a me .
The d i s t a n c e  t h e y  a r e  set  out  f rom t h e  f r ame a l l o w s  
one t o  f o l d  i nwar ds  and t h e  o t h e r  t o  f o l d  o v e r  i t  
as shown i n f i g .  1 17 .  The handl es  a t  t h i s  
d i s t a n c e  out  f rom t h e  f rame g i v e  t h e  r e q u i r e d  
minimum l e n g t h  f o r  l i f t i n g  but  f i t  w i t h i n  t he  
t r o l l e y  w i d t h  when f o l d e d .
6 . 2 . 1 6  The pr obl ems r e l a t i n g  t o  t he  t o wi n g  h a n d l e s  have  
not  been r e s o l v e d  i na  way t h a t  i s  a c c e p t a b l e  as a 
r e a s o n a b l e  and m a n u f a c t u r a b l e  s o l u t i o n ,  t h e r e f o r e ,  
i t  was pr oposed t h a t  a handl e  des i gn ed  f o r  t h e  
e x i s t i n g  t r o l l e y s  be used but  t h i s  has not  been 
f i t t e d  t o  P r o t o t y p e  2 as i t  l eaves  u n s o l v e d  some of  
t he  ma j or  pr obl ems d i s c o v e r e d  d u r i n g  t h e  u s e r  r e ­
s e a r c h .  Su g g e s t i o n s  t o  r e s o l v e  t h i s  w i l l  be made 
i n  c h a p t e r  8 .
6 . 2 . 1 7  The d e s i g n s  d i s c u s s e d  above were a l l  used t o  
produce P r o t o t y p e  2 i n a wor kab l e  form and t h e y  
o f f e r  s o l u t i o n s  t o  t he  probl ems o u t l i n e d  i n  
c h a p t e r  3 as shown.  They have a l s o  been d e s i g n e d  
w i t h i n  t h e  c o n t e x t  o f t h e  m a n u f a c t u r i n g  f a c i l i t i e s  
a v a i l a b l e  f o r  t he  p r o d u c t i o n  model .  The nex t  
s t age  was t he  c o n s t r u c t i o n  o f  P r o t o t y p e  2 as o u t ­
l i n e d  be l ow.
6 . 3  Second P r o t o t y p e  -  c o n s t r u c t i o n
6 . 3 . 1  P r o t o t y p e  2 was des i gned t o  p r o v i d e  a wor k i n g
t r o l l e y  c a p a b l e  of  l i m i t e d  h a n d l i n g  t e s t s .  As i t  
was a s i n g l e  u n i t  i t  was dec i ded  t h a t  cost  of  
making t he  p r o t o t y p e  t o g e t h e r  w i t h  t he  t i me  r e q u i r ­
ed would not  a l l o w  f o r  a l l  components t o be made 
r e p r e s e n t a t i v e  of  a f u l l  p r o d u c t i o n  mode l ,  t h e r e f o r e ,
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i t  would be a p p r o p r i a t e  t o  s a c r i f i c e  some s t r e n g t h  
and v i s u a l  q u a l i t i e s  i n o r d e r  t o  o b t a i n  a wor k i ng  
u n i t  d e m o n s t r a t i n g  t he  p r i n c i p l e s  pr oposed f o r  t he  
o p e r a t i o n  of  t he  f u n c t i o n s  of  t he  t r o l l e y .  Many 
f e a t u r e s  were devel oped as f a b r i c a t e d  components  
r e p r e s e n t i n g  t he  f u n c t i o n s  r e q u i r e d  but  not  r e ­
p r e s e n t a t i v e  of  t he  s t r e n g t h  nor  v i s u a l  q u a l i t i e s  
p r o p o s e d ,  however ,  t hey  a l l o w  t h e  d e m o n s t r a t i o n  of  
t he  p r i n c i p l e s  i n v o l v e d  i n  o p e r a t i n g  each i n d i v i d u a l  
f u n c t  i o n .
6 . 3 . 2  As s t a t e d  i n  p a r a .  6 . 1 . 1 .  t he  components f o r  t h i s  
p r o t o t y p e  were des i gned and made b e f o r e  assembl y  
cou l d  t a k e  p l a c e  as a l l  components a r e  i n t e r ­
dependant  and r e l a t e  t o  one a n o t h e r  e i t h e r  i n  
f u n c t i o n  or  i n  o r d e r  of  assembl y .  However ,  once 
t h e  components were c o l l e c t e d  t o g e t h e r  assembl y  
t ook  p l a c e  q u i c k l y .  Some components were l e f t  
u n t i l  t h e  b a s i c  assembly was compl e t ed as t h e i r  
shape ,  p o s i t i o n  and o p e r a t i o n  depended on t h e  
s t r u c t u r e  of  t he  whol e .  The s i d e  arms were  
compl e t ed  i n  des i gn and p r o t o t y p e  form a f t e r  t h e  
i n i t i a l  main assembl y ,  and t he  r e l e a s e  mechanisms  
f o r  t h e  e l e v a t i n g  mechanisms and b a c k r e s t  cou l d  
not  be f i t t e d  u n t i l  o t h e r  components were i n  p l a c e  
as t h e  c a b l e s  were r e q u i r e d * t o  pass ar ound o t h e r  
f e a t u r e s .  I t  was a l so  f e l t  a p p r o p r i a t e  t h a t  t he  
o p e r a t i n g  l e v e r s  f o r  t hese  f u n c t i o n s  shoul d  be 
added l a s t  as some ad j us t ment  f o r  p o s i t i o n  and 
g r i p  hol d  coul d  t hen be accommodated w i t h o u t  ma j or  
ch a n g e .
6 . 3 . 3  On ass embl i ng  t he e l e v a t i n g  mechanism t o  t h e  t op  
and l ower  f rames agai n i t  was found t h a t  t he  s p r i n g  
i n  t he  system was u n a c c e p t a b l e .  T h i s  was m o d i f i e d  
by i n c r e a s i n g  t he  s i z e  of  t he  cross p i v o t  bar s  on 
t he  l ower  f rame t o 22.225mm f rom 19.05mm d i a m e t e r  
and by t he  a d d i t i o n  of  a c e n t r a l  l o n g i t u d i n a l  bar  
t y i n g  t he  cross p i v o t  members on t he  l ower  f rame  
t o g e t h e r  t o  p r eve nt  t h e i r  movement bot h h o r i z o n t a l l y
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Fig. 118
The f in ished  version o f Prototype 2 in  the lowered p os i t io n .
Fig. 119 
The elevated pos it ion .
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Fig. 120
Prototype 2 elevated and in  the Fowler's pos it ion  with 
one side arm up.
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and v e r t i c a l l y .  Th i s  succeeded i n c o n s i d e r a b l y  
i n c r e a s i n g  t he  r i g i d i t y  o f  t he  t r o l l e y  s t r u c t u r e  
when e l e v a t e d .
6 . 3 . 4  F i n a l l y  on co mp l e t i o n  of  a l l  a d j u s t m e n t s  and 
m o d i f i c a t i o n s  t he  t op f rame was she e t e d  w i t h  
p a t t e r n e d  a l umi n i um sheet  f a s t e n e d  i n  s e c t i o n s  t o  
t he  moving components on t he  t op f rame as shown i n  
f i g s .  1 1 8 ,  119 and 120 .  The t r o l l e y  was now 
ready f o r  e v a l u a t i o n  of  t h e  h a n d l i n g  q u a l i t i e s  but  
t he  use o f  s t ock  m a t e r i a l s  f o r  t he  reason g i v e n  
above has ,  however ,  l ed t o  an i n c r e a s e  i n  w e i g h t  
of  3KG ove r  t h a t  of  t he  e x i s t i n g  t r o l l e y  and 8Kg 
more t han  t h a t  recommended.  T h i s  w i l l  be r e s o l v e d  
i n  t h e  p r o d u c t i o n  model  w i t h  t he  use of  t h e  
c o r r e c t l y  des i gned f l a t  o v a l  s e c t i o n s .  I t  w i l l  
a f f e c t  t h e  h a n d l i n g  t e s t s  and w i l l  need t o  be t a k e n  
i n t o  c o n s i d e r a t i o n  d u r i n g  t h e  e v a l u a t i o n .
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7 SECOND PROTOTYPE -  H a n d l i n g  E v a l u a t i o n
7 . 1  I n t r o d u c t i o n
7 . 1 . 1  P r o t o t y p e  2 i s  i n t e nded  t o demon st r a t e  t he  wor k i n g
p r i n c i p l e s  of  t he  new des i gn and t o  e n a b l e  an 
ergonomi c assessment  t o  be made of  i t s  h a n d l i n g  
p r o p e r t i e s .  The c o n s t r u c t i o n  of  P r o t o t y p e  2 
e n a b l e s  s i mpl e  s t r u c t u r a l  t e s t s  t o  d e t e r m i n e  
s t a b i l i t y  t o  be c a r r i e d  o u t .  The f e a t u r e s  o f  t h e
t r o l l e y  can be handl ed and examined i n a ' u s e *  
s i t u a t i o n ,  s i m i l a r  t o  t h a t  demon st r a t ed  a t  t h e  
s t a r t  o f  t h e  p r o j e c t .  For e v a l u a t i o n  pur poses  
h a n d l i n g  can be compared t o  t he  e x i s t i n g  t r o l l e y  
de s i g n  w i t h  t he  e x c e p t i o n  o f  t he  e x t r a  w e i g h t  due 
t o  t h e  m a t e r i a l  used as e x p l a i n e d  e a r l i e r .
7 . 1 . 2  The e v a l u a t i o n  pr ocedur es  were d e v i s e d  t o  e n a b l e  
t he  new des i gn  t o be handl ed i n a s i m i l a r  s i t u a t i o n  
t o  t h a t  i n  which t he  o r i g i n a l  t r o l l e y  was 
d e m o n s t r a t e d .  A compar i son of  t he  r e s u l t s  would  
t hen e n a b l e  t h e  new desi gn t o be e v a l u a t e d  a g a i n s t  
t h e  p e r f o r mance  s p e c i f i c a t i o n .  I t  was f e l t  
i m p o r t a n t  t o  r ecor d  t he r e a c t i o n s  of  t h e  ambul ance  
men and t h e i r  c r i t i c i s m s  or  s u g g e s t i o n s  f o r  r e f e -  
ence d u r i n g  f u r t h e r  devel opment s of  t he  d e s i g n .
7 . 2  Ha n d l i n g  e v a l u a t i o n
7 . 2 . 1  I t  was dec i de d  t h a t  t he h a n d l i n g  e v a l u a t i o n  shoul d
be c a r r i e d  out  by o f f i c e r s  of  t he  same ambul ance  
s t a t i o n  at  which t he o r i g i n a l  h a n d l i n g  demon­
s t r a t i o n  was g i v e n .  Thi s  would e n a b l e  t h o se  
o f f i c e r s  who had c o n t r i b u t e d  t o  t h e  i n f o r m a t i o n  
g a t h e r i n g  p r o c e s s ,  an o p p o r t u n i t y  t o  han d l e  t he  
new t r o l l e y  and compare i t  w i t h  t he  e x i s t i n g  one ,
and a set  of  r e s u l t s  to be o b t a i n e d  compar ab l e
wi t h  t he  o r i g i n a l  e x e r c i s e s .  To a c h i e v e  t h i s  a 
s es s i o n  was a r r anged at  t he ambul ance s t a t i o n  t o  
d emon st r a t e  t he  new t r o l l e y  and c a r r y  out  c e r t a i n
-  2 0 9  -
hand l i ng ,  exer c- i ses both i n  and out  of  t he  ambul ance .
7 . 2 . 2  The h a n d l i n g  e x e r c i s e  began w i t h  a d e m o n s t r a t i o n  by 
t he  a u t h o r  of  t he  f e a t u r e s  of  t h e  t r o l l e y  and t h e i r  
o p e r a t i o n .  Th i s  was f o l l o w e d  by a s h o r t  p e r i o d  in  
which t he  t r o l l e y  was handl ed  i n s i d e  an ambul ance  
by both t he  a u t h o r  and ambul ance o f f i c e r s  and
ended w i t h  a h a n d l i n g  e x e r c i s e  w i t h o u t  t he  ambul ance  
as u n f o r t u n a t e l y  t h i s  had t o  go out  on d u t y .  Th i s  
e x e r c i s e  e n a b l e d  two o f f i c e r s  t o  handl e  t he  t r o l l e y  
and a l l  i t s  f e a t u r e s  f rom f l o o r  l e v e l  as i n  a 
h o s p i t a l  room.  I n  t he  l a t t e r  s t a g e  of  t h e  e x e r ­
c i s e  t he  a u t h o r  a g a i n  a c t e d  as c a s u a l t y  a l l o w i n g  
t he  ambul ance o f f i c e r s  t h e  o p p o r t u n i t y  t o  use t he  
t r o l l e y  i n a s e m i - r e a l i s t i c  manner  i . e .  c a r r y i n g  a 
person t hough not  one r e q u i r i n g  t h e  car e  o f  a s i c k  
or  i n j u r e d  p e r s o n .
7 . 2 . 3  The i n i t i a l  h a n d l i n g  d e m o n s t r a t i o n  c o n s i s t e d  o f '  
t he  o p e r a t i o n  o f  a l l  t h e  f e a t u r e s  on t h e  t r o l l e y  
i n  o r d e r  t o  show bot h t h e  f a c i l i t i e s  p r o v i d e d  and 
t h e i r  method o f  o p e r a t i o n .  T h i s  p r o v i d e d  t he  
f i r s t  o p p o r t u n i t y  f o r  t h e  ambul ance o f f i c e r s  on 
dut y  at  t he  s t a t i o n  t h a t  day t o  exami ne t h e  t r o l l e y .  
I n i t i a l  comments and d i s c u s s i o n s  a r i s i n g  f rom t h i s  
ar e  g i v e n  be l ow.
1)  The wi d t h  of  t he  new t r o l l e y
I t  was f e l t  by some o f f i c e r s  t h a t  t he  e x t r a  
w i d t h ,  r e l a t i v e  t o  t h e  e x i s t i n g  t r o l l e y  d e s i g n ,  
coul d cause probl ems i n  t he  ambul ance by r e d u c ­
ing t he  wi d t h  of  t he  a i s l e  between t r o l l e y s  
( t h e r e  a r e  u s u a l l y  t wo ,  one on e i t h e r  s i d e  of  
t he  ambul ance)  t hus r e s t r i c t i n g  t h e i r  a b i l i t y  
t o  c a r r y  wheel  c h a i r s  i n t h e  ambul ance .  Some 
o f f i c e r s  a l s o  f e l t  t h a t  t he  e x t r a  wi d t h  cou l d  
cause a probl em f o r  some sma l l  e l d e r l y  per sons  
who a l r e a d y  have d i f f i c u l t y  in s i t t i n g  back on 
t he  e x i s t i n g  t r o l l e y  when t r a v e l l i n g  s e a t e d  
s i deways .  C o n v e r s l y ,  o t h e r  o f f i c e r s  f e l t  t he
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e x t r a  wi d t h  t o  be an adv ant age  a l l o w i n g  e a s i e r  
accommodat i on f o r  t he  l a r g e r  p a t i e n t  who i s  at  
p r e s e n t  made u n c o m f o r t a b l e  by t he  r e s t r i c t i o n  
of  t he  wi d t h  bet ween t h e  s i d e  arms i n  t he  
e x i s t i n g  d e s i g n .
2)  E l e v a t i n g  mechanism
T h i s  was g e n e r a l l y  c o n s i d e r e d  t o  be an i mp r o v e ­
ment on t he  e x i s t i n g  system and t o  l ook s t r o n g e r  
and more s t a b l e .  The r e  were no f u r t h e r  
comments about  t h i s  mechanism but  i t  was f e l t  by 
one ambul ance o f f i c e r  t h a t  t h e  c a b l e  r e l e a s e  
p r e s e n t e d  a c o m p l i c a t e d  appear ance  and c ou l d  be 
d i f f i c u l t  t o  a d j u s t .  T h i s  v i e w ,  h oweve r ,  was 
not  shar ed by t h e  o t h e r  o f f i c e r s  who c o n s i d e r e d  
t h e  r e l e a s e  system l ess  complex t han t h e  one i n  
use now.
3)  The F o w l e r ' s  p o s i t i o n
T h i s f e a t u r e  pr ovoked many a d v e r s e  comments,  
P a r t i c u l a r l y  about  t h e  o p e r a t i n g  h a n d l e s .  I t  
was f e l t  t h a t  t h e s e  p r o j e c t e d  t oo  f a r  beyond 
t he  t r o l l e y  f rame and would p o s s i b l y  cause  
i n j u r y  t o  t he  l egs of  per sons  s i t t i n g  s i deways  
on t h e  t r o l l e y  e s p e c i a l l y  i f  t h e i r  l egs were  
a l r e a d y  i n j u r e d  or  t h e y  s u f f e r e d  b a d l y  f rom 
v a r i c o s e  v e i n s .  I t  was a l s o  f e l t  t h a t  t he  
s i n g l e  o p e r a t i o n  d i d  not  a l l o w  f o r  a d j u s t m e n t  
of  h e i g h t  or  l eg l e n g t h  shoul d  t he  maximum 
h e i g h t  p r o v i d e d  be found u n c o m f o r t a b l e .
4)  S i de  arms
I t  was g e n e r a l l y  f e l t  t h a t  t h e s e  p r o v i d e d  a b i g  
i mprovement  on t he  e x i s t i n g  system w i t h  t h e i r  
e x t r a  h e i g h t  and l e n g t h .  The method of  
o p e r a t i o n ,  s l i d i n g  out  and s wi n g i ng  up,  was 
not  c o n s i d e r ed  t o  be a probl em shoul d  t he  
p r e s e n t  l i m i t a t i o n s  of  s l a c k n e s s  i n t he  s l i d e s  
and t he  g e n e r a l  weakness of  t he  f a b r i c a t e d  
p a r t s  on t he p r o t o t y p e  be overcome by t he
-  211 -
d e s i g n  o f  a c a s t i n g  f o r  t h i s  f e a t u r e .
5)  Wei ght
Th i s  was d i s c u s s e d  as t he  p r o t o t y p e  i s  h e a v i e r  
t han i t s  e s t i m a t e d  wei ght  of  30kg and gave a 
f a l s e  i mp r e s s i o n  when hand l ed .  I t  was e x p l a i n ­
ed t h a t  t h e  a c t u a l  we i ght  of  a p r o d u c t i o n  model  
would be e q u i v a l e n t  t o  t he  we i g ht  of  t he  
e x i s t i n g  t r o l l e y .
6)  Wheels
The B r i t i s h  Cas t or s  ' T r a v e l a i d  125*  c a s t o r s  used 
on t he  p r o t o t y p e  were ver y  f a v o u r a b l y  r e c e i v e d .  
U n f o r t u n a t e l y ,  a br ake  v e r s i o n  o f  t h i s  c a s t o r  i s  
not  ye t  a v a i l a b l e .  However ,  i t  was a p p r e c i a t e d  
t h a t  t h e  smooth e x t e r i o r  s u r f a c e s  would not  
cat ch on any p r o j e c t i o n s  and t h e  doubl e  t y r e  
system g i v e s  g r e a t e r  s t a b i l i t y .
7)  C a r r y i n g  handl es
These ,  u n f o r t u n a t e l y ,  coul d not  be used d u r i n g  
t h e  h a n d l i n g  t e s t s  as t he  p r o t o t y p e  v e r s i o n  a r e  
not  s t r o n g  enough.  However ,  t h e  f o l d i n g  system 
of  o p e r a t i o n  and s t o r a g e  appear ed a c c e p t a b l e  
p r o v i d i n g  t h e  c a s t i n g s  a t t a c h i n g  t he  h a n d l e s  t o  
t he  l ower  f rame a r e  rounded o f f  t o  p r e v e n t  
damage.  For  ease of  machi ni ng t hose on t h e  
p r o t o t y p e  had been l e f t  square but  t h e s e  woul d  
be c a s t i n g s  on a p r o d u c t i o n  model .  An 
i n t e r e s t i n g  s u g g e s t i o n ,  however ,  was t h a t  p e r ­
haps t he  c a r r y i n g  handl es would not  be 
nec essa r y  as t he  top f rame p r o v i d e d  a d e qua t e  
h a n d l i n g  ar eas  f o r  l i f t i n g .
8)  T r o l l e y  top
I t  was obser ved by one o f f i c e r  t h a t  t he  s h e e t ­
ing would be no i sy  wi t h  movement of  t he  t r o l l e y  
and v i b r a t i o n  dur i ng  t he  v e h i c l e  r i d e .  How­
e v e r ,  i t  was e x p l a i n e d  t h a t  t he  p r e s e n t  method  
of  s h e e t i n g  was used on t he  p r o t o t y p e  f o r
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appear ance  o n l y  and t h i s  would be accommodated  
i n t he  p r o d u c t i o n  v e r s i o n .  I t  was a l s o  
commented t h a t  t he  s h e e t i n g  would p r e v e n t  
damage t o  t h e  under  s u r f a c e  o f  t he  m a t t r e s s  as 
happens at  p r e s e n t .
9)  The H y p e r - e x t e n s i o n  m a t t r e s s
Thi s  was v e r y  w e l l  r e c e i v e d  and a l l  ambul ance  
o f f i c e r s  c o n s i d e r e d  i t  an i mprovement  on e x i s t ­
i ng e q u i p me n t ,  which i n  most cases would c o n s i s t  
of  a r o l l e d  b l a n k e t .
7 . 2 . 4  I t  was n o t i c e a b l e  t h a t  t h e r e  were no comments about  
t h e  b a c k r e s t  or  T r e n d e l e n b e r g  p o s i t i o n .  I t  was 
not  p o s s i b l e  t o  f o l l o w  t h i s  up due t o  t h e  s h o r t  
t i me  t he  ambul ance crews were a v a i l a b l e .  However ,  
t hese  appear ed t o  be a c c e p t e d  as r e a s o n a b l e  
s o l u t i o n s  t o  t h e  pr obl ems i d e n t i f i e d  c o n c e r n i n g  
t h e s e  p o s i t i o n s .
7 . 2 . 5  The nex t  phase o f  t h e  e x e r c i s e  i n v o l v e d  h a n d l i n g  
t he  t r o l l e y  i n  t h e  ambul ance .  The t r o l l e y  was 
p l a c e d  i n t h e  l ocks i n bot h t he  s i t t i n g  ( i n n e r )  
p o s i t i o n  and t h e  n u r s i n g  ( o u t e r )  p o s i t i o n .  T h i s  
i s  shown i n f i g s .  121 & 1 22 .  A l l  t h e  f a c i l i t i e s  
except  t he  e l e v a t i n g  mechanism were o p e r a t e d  i n  
t he  n u r s i n g  p o s i t i o n  t o  assess access t o  t h e  
o p e r a t i n g  handl es  and t h e i r  ease o f  use .  I t  was 
not ed t h a t  t he  t r o l l e y  f i t t e d  e a s i l y  i n t o  
p o s i t i o n  i n t he  l ocks because o f  t h e  e x t r a  12.5mm 
c l e a r a n c e  under  t he  l ower  f rame g i v i n g  a t o t a l  of  
266.5mm between f l o o r  and l ower  f r a me .  Once i n  
p o s i t i o n  in t he  ambul ance i t  became a p p a r e n t  t h a t  
t he  f e a r s  expr essed c o n c e r n i n g  t he  w i d t h  were  
unfounded and t h a t  t h e r e  would be adequat e  room 
f o r  w h e e l c h a i r  access .
7 . 2 . 6  The o p e r a t i o n  of  t he  f a c i l i t i e s  d e mo n s t r a t e d  t h a t  
a l l  o p e r a t i n g  handl es  ar e  a c c e s s i b l e  and t h a t  
t hese  can be used w i t h  t he  t r o l l e y  i n  t he  n u r s i n g  
p o s i t i o n .  F i g .  123 shows t he  t r o l l e y  w i t h  t he
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Fig . 122
Prototype 2 in  the ambulance in both the s i t t i n g  and nursing pos it ion .
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Testing the features o f Prototype 2 in the ambulance to assess 
handling a b i l i t y .
Fig. 123
Prototype 2 being elevated
Fig. 126 |
The backrest being raised from horizontal to its  maximum l i f t .
F i g .  130
Fig. 133
The operation o f the Fowler's p os it ion .
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The side arms s l ide  out then are swung upwards to lock against the side 
o f the t r o l le y
Fig. 134 j
b a c k r e s t  up and f i g .  124 shows i t  i n  t he  Fowl er  
p o s i t i o n  w i t h  t he  a u t h o r  a c t i n g  as c a s u a l t y .
Thi s  p o s i t i o n  f e l t  v e r y  c o mf o r t a b l e  as s e c u r e .
F i g .  125 shows t he  t r o l l e y  i n t he T r e n d e l e n b e r g  
p o s i t i o n .  The r e l e a s e  handl e  f o r  t h i s  was found  
t o  be e a s i l y  a c c e s s i b l e  f rom t he  s i de  at  t he  f o o t  
of  t he  t r o l l e y .
7 . 2 . 7  The t h i r d  s e c t i o n  of  t he e x e r c i s e ,  as ment i oned  
above,  i n v o l v e d  two ambul ance o f f i c e r s  who h an d l e d  
t he  t r o l l e y  us i ng  t h e  v a r i o u s  f e a t u r e s  w i t h  t he  
a u t h o r  a c t i n g  as c a s u a l t y .  For  t he  pur pose o f  
most o f  t h e  e x e r c i s e s  a c o n t o u r e d ,  n o n - s t a n d a r d  
wide ma t t r e s s  was used i n  p r e f e r e n c e  t o t he  
n a r r o we r  s t a n d a r d  m a t t r e s s  p r o t o t y p e  i n c o r p o r a t i n g  
t h e  h y p e r - e x t e n s i o n  f e a t u r e s .  The t r o l l e y  was 
e l e v a t e d  as shown i n  f i g s .  1 2 6 ,  127 and 1 28 .  The 
ambulance o f f i c e r s  commented t h a t  t h e  e l e v a t i n g  
mechanism was e a s i e r  t o  use t han t he  e x i s t i n g  
r a t c h e t  u n i t  and t h a t  t h e  p o s i t i o n  of  t he  o p e r a t ­
i ng handl e  at  t h e  f o o t  was c o mf o r t a b l e  and easy t o  
use.  As c a s u a l t y  t he  a u t h o r  found t h a t  t h e r e  was 
no f e e l i n g  o f  i n s t a b i l i t y  and t he  wi der  m a t t r e s s  
was f a r  more c o m f o r t a b l e  t han t he  s t a n d a r d  v e r s i o n .
7 . 2 . 8  The b a c k r e s t  was o p e r a t e d  as shown i n f i g s .  129 t o  
132 and,  as s t a t e d  e a r l i e r  ,  appeared t o  be 
a c c e p t e d .  Ther e  were no d i f f i c u l t i e s  i n o p e r a t i n g  
t he  r e l e a s e  mechanism but  i t  was not  obv i ous  t o
t he ambulancemen t h a t  t he  r a t c h e t  system a l l o w e d  
t he b a c k r e s t  t o  be r a i s e d  by l i f t i n g  i t  and o n l y  
r e q u i r e d  t he  r e l e a s e  mechanism when l o w e r i n g .
They used t he  r e l e a s e  handl e  when o p e r a t i n g  i t  i n  
both di  r e c t i  o n s .
7 . 2 . 9  F i g .  133 demo n s t r a t e s  o p e r a t i n g  t he F o w l e r ' s  
p o s i t i o n  about  which t he  m a j o r i t y  of  comments were  
made in t he  i n i t i a l  s t age  of  t he e x e r c i s e .  The 
s i de  arms were a l s o  demonst r a t ed  as shown i n f i g s .  
134 to 136 .  As ment i oned e a r l i e r  t hese  were  
con s i d er ed  a maj or  i mprovement  in p a t i e n t  s e c u r i t y
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The hyper-extension feature in  the mattress and demonstrating i t s  use.
Fig. 138
and u s a b i l i t y .
7 . 2 . 1 0  The h y p e r - e x t e n s i o n  ma t t r e s s  was nex t  d emonst a t ed
as shown i n f i g s .  137 t o  140 .  As s t a t e d  e a r l i e r ,  
t h i s  was c o n s i d e r e d  a v e r y  u s e f u l  f e a t u r e  t hough  
i t  was remar ked t h a t  t h e  head p o s i t i o n  was not  
t i l t e d  back f a r  enough t o e n a b l e  i n t u b a t i o n ,  how­
e v e r ,  i t  i s  s u f f i c i e n t  t o  m a i n t a i n  an open a i r w a y .  
As c a s u a l t y  t h e  a u t h o r  found t h i s  p o s i t i o n  r e a s o n ­
a b l e  t hough not  c o m f o r t a b l e .  Th e r e  was no d i s ­
c o mf o r t  f rom e i t h e r  t he  edge o f  t h e  mechanism 
f rame or  f rom t h e  neck s u p p o r t i n g  edge o f  t he  
l i f t i n g  s e c t  i o n .
7 . 2 . 1 1  The f i n a l  h a n d l i n g  e x e r c i s e  compr i sed  s i mp l e
s t a b i l i t y  t e s t s  us i ng a ' Yor k  4* t r o l l e y  and t he  
new t r o l l e y  p r o t o t y p e .  These c o n s i s t e d  o f  t a k i n g  
a b a s i c  measurement  o f  t h e  h e i g h t  o f  t h e  t r o l l e y  
f rame when e l e v a t e d  t hen measur i ng  t he  h e i g h t  t o  
same p o s i t i o n  on t he  f rame w i t h ; -
a)  A l oad on t he  c o r n e r  o f  t h e  t r o l l e y
b) A l oad on t he  c e n t r e  of  one s i d e  of  t h e  t r o l l e y
I t  was f e l t  r e a l i s t i c  t o  use a per son as t h e  l oad  
so i n  t h i s  i n s t a n c e ,  t h e r e f o r e ,  t he  l oad compr i sed  
t h e  a u t h o r ' s  f u l l  we i ght  but  i n  bot h cases t he  
d e f l e c t i o n  o f  t he  c or ne r  p o s i t i o n  caused a f e e l i n g  
of  i n s e c u r i t y  and t he  l oad was reduced s l i g h t l y  by 
r e s t i n g  one f o o t  l i g h t l y  on t h e  gr ound .  The f u l l  
wei g ht  was used f o r  t he  s i d e  l o a d i n g  measur ement s .  
Ther e  was no f e e l i n g  of  i n s t a b i l i t y  when s i t t i n g  
on t he  s i d e  of  t he  p r o t o t y p e  t r o l l e y  nor  any 
t endancy  f o r  t h i s  t r o l l e y  t o  t u r n  o v e r .  F i g s .
141 t o  143 i l l u s t r a t e  t h i s  e x e r c i s e  and t h e  r e s u l t s  
ar e  g i v e n  b e l o w : -
a)  Cor ner  d e f l e c t i o n
York 4 P r o t o t y p e
793mm
765mm
S t a r t i n g  h e i g h t  
w i t h  l oad  
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The loading tes ts  were ca rr ied  out on a 'York 4 
t r o l l e y  and Prototype 2
Fig. 141
b) Si de def  Lect  i on
York 4 P r o t o t y p e
S t a r t i n g  h e i g h t  
wi t h  l oad  







The s t a r t i n g  h e i g h t s  were a r b i t r a r y  but  r emai ned  
t he  same f o r  each t r o l l e y  t hr oughout  t he  t e s t s .
7 . 3  CONCLUSION
7 . 3 . 1  The p r o t o t y p e  was w e l l  r e c e i v e d  at  t he  ambul ance  
s t a t i o n  by t hose  o f f i c e r s  p r e s e n t ,  and t h e r e  were  
no adv er se  comments about  t he  bas i c  p r i n c i p l e s .  
Most comments concer ned t hose d e t a i l s  such as t h e  
handl es  f o r  t h e  F o w l e r ' s  p o s i t i o n ,  t h a t  have not  
been f u l l y  r e s o l v e d  owing t o  t he  d i f f i c u l t y  of  
f a b r i c a t i n g  complex shapes.  There were some 
probl ems i n  a c t u a l l y  o p e r a t i n g  t he  p r o t o t y p e  due
t o t he  n a t u r e  of  i t s  c o n s t r u c t i o n .  The f rame i s
s l i g h t l y  t w i s t e d  due t o  t he  welded j o i n t s  i n  t h e
top f rame and t o  t h e  method of  o b t a i n i n g  t h e  f l a t -
ova l  s e c t i o n s .  Dur i ng  t e s t i n g  t he shee t ed  t op  
s u r f a c e  bowed caus i ng  t h e  F o w l e r ' s  p o s i t i o n  
mechanism t o  become m i s - a l i g n e d  and s t i f f  t o  
o p e r a t e  but  d e s p i t e  t hese  probl ems a l l  f e a t u r e s  
were o p e r a b l e  bot h i n  and out  of  t he  ambul ance .
7 . 3 . 2  The s t a b i l i t y  t e s t s  pr oved t he  new t r o l l e y  as
s t a b l e  as t he  e x i s t i n g  one and more s t a b l e  w i t h  a 
si de  l o a d .  I t  was a l s o  f e l t  t h a t  t he new 
e l e v a t i n g  mechanism o f f e r e d  g r e a t e r  s t a b i l i t y  and 
e a s i e r  t o  o p e r a t e  because t he r a t c h e t  r e l e a s e d  
w i t h o u t  c a t c h i n g .  S i m i l a r l y ,  t he s i de  arms were  
g e n e r a l l y  c o n s i d e r e d  an improvement  because of  
t h e i r  e x t r a  h e i g h t  and l e n g t h .  The F o w l e r ' s  
p o s i t i o n  was t he  o n l y  f e a t u r e  to a t t r a c t  c r i t i c i s m  
and i t  was f e l t  t h a t  enough i n f o r m a t i o n  had been 
o b t a i n e d  f rom t h i s  v i s i t  to enabl e  des i gn  
i mprovement s t o be f o r mu l a t e d  f o r  t he  p r o d u c t i o n  
v e r s i o n  and t he  wish was expressed by t he
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ambu l ance p e r s o n n e l  t o  see an advanced p r o t o t y p e  
or  p r o d u c t i o n  v e r s i o n  i n s e r v i c e  f o r  user  t r i a l s .
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8 P r o d u c t i o n  M o d e l  R e c o m m e n d a t i o n s
8 . 1  I n t  r oduct  i on
8 . 1 . 1  The h a n d l i n g  e v a l u a t i o n  d e s c r i b e d  i n t he  p r e v i o u s
c h a p t e r  exposed s e v e r a l  d e t a i l  areas t h a t  r e q u i r e
r e - d e s i g n i n g  t o  remove p o s s i b l e  d i f f i c u l t i e s .  
S i m i l a r l y  t h e r e  a r e  many ar eas  where t he  method of
c o n s t r u c t i o n  of  t h e  p r o t o t y p e  v a r i e s  c o n s i d e r a b l y
f rom t he  proposed method o f  p r o d u c t i o n .  Us i ng  
p r o d u c t i o n  methods i t  w i l l  be p o s s i b l e  t o  i mprove  
both t he  f i n a l  form and o p e r a t i o n  of  t hese  com­
p on ent s .  These i mprovement s and t he  pr oposed  
p r o d u c t i o n  methods a r e  o u t l i n e d  bel ow.
8 . 1 . 2  The p r o d u c t i o n  f a c i l i t i e s  a v a i l a b l e  at  p r e s e n t  con­
s i s t  b a s i c a l l y  o f  t ube  b e n d i n g ,  sand c a s t i n g ,  
d r i l l i n g  w i t h  t he  use of  j i g s  and some l a t h e  wor k .  
However ,  i t  would be p o s s i b l e  t o  s u b - c o n t r a c t  
machi ni ng work where n e c e s s a r y .  I t  may a l s o  be 
p o s s i b l e  dependi ng on q u a n t i t y  t o  use more a c c u r a t e  
c a s t i n g  methods such as d i e  c a s t i n g .  These  
f a c i l i t i e s  a r e  based on t h e  use of  a m e t a l l i c  
m a t e r i a l  of  which some p o r t i o n  w i l l  be i n h o l l o w  
s e c t i o n .  Of t he  m a t e r i a l s  a v a i l a b l e  an a l umi n i um  
a l l o y  was chosen f o r  t h e  main s t r u c t u r e  f o r  t he  
f o l l o w i n g  r e a s o n s : -
1)  I t s .  l i g h t  we i g ht  r e l a t i v e  t o  s t e e l .
2)  I t s  a b i l i t y  t o  suppor t  a p o l i s h e d  f i n i s h  w i t h o u t  
a d d i t i o n a l  p r o t e c t i v e  t r e a t m e n t .
3)  The m a n u f a c t u r e r ' s  f a m i l i a r i t y  wi t h  t h i s  
m a t e r i a l .
4)  The a b i l i t y  t o  o b t a i n  ex t r uded  s e c t i o n  t o  a 
s p e c i f i c  shape.
5) Cost  -  though e x p e n s i v e  a l umi ni um is p r o b a b l y  
cheaper  t han t he  o t h e r  l i g h t  wei ght  m a t e r i a l s  
avai  l a b l e .
8 . 1 . 3  Al t hough a l umi n i um has been chosen as t he b a s i c  
m a t e r i a l  t h e r e  remai ns t he  p o s s i b i l i t y  of  us i ng  
p o l y c a r b o n a t e  moul di ngs f o r  some components and f o r
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Fig 144
The f la t  oval has a 
thickened side to enable 
castings to be attached 
and a notch to allow 
the sheeting to remain 
flush with the top of 
the oval tube.
Fig 145
-  2 2 7  -
t he  t r o l l e y  bed.  However ,  i n t h i s  i n s t a n c e  
a l umi n i um would s t i l l  be r e q u i r e d  f o r  t h e  t r o l l e y  
f rame and t he  m a j o r i t y  of  t he  components.  The 
a l l o y  s p e c i f i c e d  i s  B. A.  6063TF.  w i t h  a t e n s i l e  
s t r e n g t h  of  185 N/mm2 and t hese  a r e  t he  f i g u r e s  on 
which t he  c a l c u l a t i o n s  g i ven  i n  Chapt er  4 a r e  
based.  The f o l l o w i n g  par agr aphs  d i scu s s  t he  
pr oposed methods o f  p r o d u c t i o n  and t he  f i n a l  
des i gn  of  i n d i v i d u a l  components us i ng  t h i s  m a t e r i a l .
8 . 2  Component  d es i gn s  and P r o d u c t i o n  Methods
8 . 2 . 1  The Frame
As d e s c r i b e d  e a r l i e r  t he  b a s i c  f rame i s  c o n s t r u c t e d  
f rom a f l a t  o v a l  h o l l o w s e c t i o n .  I t  i s  pr oposed  
t h a t  t h i s  shoul d  be e x t r u d e d  t o  t h e  s p e c i f i e d  shape  
shown i n  cross s e c t i o n  i n f i g .  144 .  T h i s  s e c t i o n  
has a f l a t  s u r f a c e  on t h e  upper  i n s i d e  edge as 
shown,  t o  r e c e i v e  t h e  s h e e t i n g  f o r mi n g  t h e  bed 
s u r f a c e .  The o u t e r  edge o f  t h i s  f l a t  s u r f a c e  p r o ­
v i d e s  bot h a l o c a t i n g  f e a t u r e  and an i n t e g r a l  
f i n i s h i n g  s t r i p  p r e v e n t i n g  t h e  sheet  f rom o v e r ­
l a p p i n g  t h e  edge o f  t he  s e c t i o n .  Th i s  s e c t i o n  a l s o  
has a t h i c k e n e d  - i n t e r n a l  w a l l  on t h e  same s i d e  as 
t he  f l a t  edge t o  p r o v i d e  an adequat e  w a l l  t h i c k n e s s  
t o  which t h e  o t h e r  components can be a t t a c h e d .
8 . 2 . 2  The E l e v a t i n g  Legs
The s e c t i o n  used f o r  t he e l e v a t i n g  l egs c o u l d ,  i f  
n ec essar y  be t he  same as t h a t  used f o r  t he  f r a m e ,  
but  as n e i t h e r  t h e  f l a t  s u r f a c e  nor  t he t h i c k e n e d  
w a l l  i s  needed i t  would be c a r r y i n g  unnecess ar y  
w e i g h t .  I t  would a l s o  r e q u i r e  s p e c i a l  ca r e  t o  
ensure t h a t  t he  l egs were assembl ed w i t h  t he  f l a t  
edges i n  a sequence t h a t  made them v i s u a l l y  
p l e a s i n g  and not  assembled r andoml y .  I t  would be 
more s u i t a b l e  t o  use a s e c t i o n  w i t h  even w a l l  
t h i c k n e s s  as shown in f i g .  145 .  However ,  t h i s  
would r e q u i r e  t he  use of  a second d i e  f o r  
e x t r u s i o n .
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8 . 2 . 3  The T r o l l e y  Bed
Thi s  i s  formed f rom diamond p a t t e r n e d  a l umi n i um  
s h e e t .  For t he  p r o t o t y p e  t he  s e c t i o n s  were cut  t o  
s i z e  and f a s t e n e d  t o  t he  t op f rame wi t h  s e l f  
t a p p i n g  scr ews.  I t  was f ound i n t h e  h a n d l i n g  
e v a l u a t i o n  t h a t  t he  s h e e t i n g  r e q u i r e d  more sup p o r t  
at  t he  j o i n s b e t w e e n  s e c t i o n s  t o  p r e v e n t  s a g g i n g .
I t  i s  proposed t o  vacuum form t h e s e  s e c t i o n s  i n  
which case t hey  may be s t r e n g t h e n e d  by c a r e f u l  
des i gn  of  c o r r u g a t e d  or  r i b b e d  p a t t e r n s  t h a t  can 
be i n t e g r a l l y  moulded as shown i n f i g .  146 .
8 . 2 . 4  F o w l e r ' s  P o s i t i o n
Ther e  were two r e l e v a n t  c o mp l a i n t s  made about  t h i s  
f e a t u r e  d u r i n g  t he  h a n d l i n g  e x e r c i s e .  The f i r s t  
concer ns t he  handl es  used t o  o p e r a t e  t h i s  p o s i t i o n  
which p r o j e c t  beyond t h e  o u t e r  edge of  t he  t op  f r ame  
and i t  was f e l t  t h i s  would p o s s i b l y  cause i n j u r y  t o  
c e r t a i n  p a t i e n t s .  I t  woul d be p o s s i b l e  t o  a v o i d  
t h i s  probl em by e i t h e r  r a i s i n g  t he  handl e  enough t o  
l eave  f i n g e r  room bet ween i t  and t he  t op f rame or  
by making t he  handl e  i n  such a way t h a t  a l l  edges  
ar e  smooth and rounded t o  p r e v e n t  i n j u r y .  F i g . 147  
shows t he  f i r s t  s u g g e s t i o n . -  The advant age  of  
t h i s  l i e s  i n  t h e  a b i l i t y  t o  keep t h e  handl e  w i t h i n  
t he  o u t e r  edges o f  t he  t op f rame but  t he  d i s ­
advant age  l i e s  i n t he  p s y c h o l o g i c a l  e f f e c t  of  
l o we r i n g  an o b j e c t  ont o a n o t h e r  w i t h  f i n g e r s  
bet ween t he  t wo,  g i v i n g  r i s e  t o  t he  f e a r  of  
t r a p p i n g  them.  The second s u g g e s t i o n  i s  shown i n  
F i g .  148 has t he  advant age  t h a t  t h e r e  i s  no r i s k  
of  t r a p p i n g  f i n g e r s  but  t he  d i s a d v a n t a g e  t h a t  i t  
s t i l l  p r o j e c t s  beyond t he  o u t e r  edge of  t he  f r a me .
I t  wou l d ,  however ,  r e q u i r e  t he  b u i l d i n g  of  t h e s e  
as p r o t o t y p e s ,  t hen h a n d l i n g  t e s t s  t o  d e t e r mi n e  
which s u g ges t i o n  i s  t he most s a t i s f a c t o r y .
8 . 2 . 5  The F o w l e r ' s  p o s i t i o n  f o r  t he  p r o t o t y p e  has been 
manuf ac t ur ed  by f a b r i c a t i n g  t h e  i n d i v i d u a l  
components f rom e x t r u d e d  s e c t i o n s  and sheet  t h e n
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Side arm slides grooved to reduce looseness.
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Side arm fastening to support.
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ass embl i ng  them.  For  t h i s  t h e  o n l y  o p e r a t i o n s  
r e q u i r e d  ar e  d r i l l i n g ,  c u t t i n g  and shapi ng t he  
p a r t s ,  however ,  t he  handl es  cannot  be f a b r i c a t e d  
and would be s u i t a b l e  f o r  c a s t i n g .  I t  i s  p r o ­
posed,  however ,  t h a t  t he  s e c t i o n s  shoul d  be made 
as whole u n i t s  us i ng vacuum f o r m i n g .  T h i s  would  
a l l o w  t he  top sheet  and s i de  s e c t i o n s  t o  be moul d­
ed t o g e t h e r  as one u n i t  as shown i n  f i g .  1 4 9 ,  and 
t h e  handl es  a t t a c h e d  t o  t h e s e .  These cou l d  t hen  
be combined wi t h  t he  same method o f  p r o d u c i n g  t h e  
t r o l l e y  bed as d i s c u s s e d  above i n  8 . 2 . 3 .
8 . 2 . 6  S i de  Arms
I t  i s  n o t i c e a b l e  on t he  p r o t o t y p e  t h a t  t h e  two 
s t r u t s  on t he  s i d e  arms do not  move p a r a l l e l  t o  
each o t h e r  when t h e  arms ar e  p u l l e d  o u t .  T h i s  i s  
due t o  l a t e r a l  movement i n  t h e  s l i d e r s  whi ch i s  
n e c e s s a r y  t o  a l l o w  c l e a r a n c e  when h i n g i n g  t h e  arms 
upwar ds.  There  i s  a l s o  a pr obl em w i t h  l o oseness  
of  t he  s l i d e  u n i t  b r a c k e t  where a t t a c h e d  t o  t h e  
f rame due t o  t he  f a b r i c a t i o n  o f  t he  u n i t .  I t  i s  
pr oposed t h a t  t h e  s l i d e r s  and s l i d e  u n i t  sho u l d  be 
c a s t i n g s  and shoul d c a r r y  a gr oove i n t h e  c e n t r e  
of  t he  s l i d e r s  as shown i n  f i g .  150 w i t h  t h e  
mat chi ng p r o j e c t i o n  i n s i d e  t he  s l i d e  u n i t  a l s o  
shown i n f i g .  150 .  Th i s  would t hen  p r e v e n t  any 
i n t e r n a l  movement and cause t he  arm s t r u t s  t o  
t r a v e l  p a r a l l e l  when p u l l e d  o u t .  The arms t hem­
s e l v e s  ar e  formed f rom t ube  bent  a t  t he  c o r r e c t  
l engt h  t o  g i ve  t he  end s e c t i o n s  which a r e  f i n i s h e d  
wi t h  end caps.  The s t r u t s  a r e  made of  e x t r u d e d  
s e c t i o n  and t he  arms coul d be a t t a c h e d  t o  t h e s e  i n  
e i t h e r  o f  t he two ways shown i n f i g .  151 .  T h i s  
would be a f a b r i c a t i o n  and assembl y p r o c e s s .
8 . 2 . 7  Car r y  Handl es
On t he  p r o t o t y p e  t he hi nge system f o r  t he  c a r r y  
h a n d l e . i s  i nadequat e  t o suppor t  t he  we i g h t  o f  t he  
t r o l l e y  wi t h o u t  a c a s u a l t y .  Th i s  needs r e ­
d e s i g n i n g  t o s t r e n g t h e n  t he  h i nges ye t  r e t a i n  t h e
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a b i l i t y  t o  f o l d  i n wa r d s .  F i g .  152 shows a p r o ­
posed method of  a c h i e v i n g  t h i s  where t he  s t r e n g t h  
i s  o b t a i n e d  t hr ough t he bushi ng t h a t  w i l l  p r e v e n t  
t w i s t i n g  movement .  These u n i t s  need t o  be c a s t ­
i ngs but  t he  handl e  s h a f t s  a r e  made f rom t u b u l a r  
s e c t i o n  t h a t  o n l y  r e q u i r e d  c u t t i n g  t o l e n g t h  and 
a p l a s t i c  handl e  end f i t t e d  t o  one end.  The 
c a s t i n g s  would been to be assembl ed w i t h  t he  body 
hi nge  i n  t h e  l ower  f rame and t he  han d l e  s h a f t  h i nge  
i n  t h e  handl e  s h a f t .  The h i nge  components w i l l  
t hen be connect ed by t h e  b u s h i n g .
8 . 2 . 8  B a c k r e s t
Ther e  were no r e a l  probl ems a f f e c t i n g  t h e  b a c k r e s t ,  
howeve r ,  on us i ng t h i s  f e a t u r e  i t  was n o t i c e d  t h a t  
t h e  r a t c h e t  s l i p p e d .  T h i s  w i l l  be e a s i l y  r emedi ed  
by a l t e r i n g  t he  shape o f  t h e  r a t c h e t  s l o t s  t o  
p r e v e n t  t h e  p i n  s l i p p i n g  out  w i t h o u t  b e i n g  r e l e a s ­
ed.  T h i s  i s  d emo n st r a t ed  i n  f i g .  153 whi ch a l s o  
shows t h e  compl et e  r a t c h e t  component  as a c a s t i n g .  
The s p r i n g - l o a d e d  r a t c h e t  p i n  and i t s  r e l e a s e  
mechanism w i l l  be assembl ed f rom ca s t  components  
and t h e  s u p p o r t i n g  base would be made o f  c i r c u l a r  
s e c t i o n  bent  t o  t he  c o r r e c t  a n g l e s  w i t h  e i t h e r  cas t  
or  moulded ny l on h i nge  ends.
8 . 2 . 9  Su b- f r ame
I t  was f ound on t e s t i n g  t he  t r o l l e y ,  by l e a n i n g  on 
t he  ends t h a t  t h e r e  i s  an end t o end r o c k i n g  move­
ment .  Th i s  i s  t he  r e s u l t  of  s p r i n g  i n t he  sub-  
f rame a l l o w i n g  movement of  t he  l eg sys t em.  Shoul d  
t h i s  movement be found t o be u n a c c e p t a b l e  i t  would 
be p o s s i b l e  t o  use a channel  s e c t i o n  t o  s t i f f e n  
t he  s u b - f r a me .  Thi s  would s i m p l i f y  assembl y  but  
add t o  t he  we i ght  o f  t he  t r o l l e y .
8 . 2 . 1 0  Gen e r a l  Pr o d u c t i o n  Methods
Some p r o d u c t i o n  methods have a l r e a d y  been suggest ed  
i n t he  p r ev i ous  p a r a g r a p h s .  I n  g e n e r a l  t he  
t r o l l e y  would use e x t r u d e d  s e c t i o n  as opposed t o
-  2 3 8  -
drawn t ube f o r  a l l  components where t h i s  i s  
p o s s i b l e .  Th i s  would reduce t he p r i c e  of  t he  
m a t e r i a l  as e x t r u d e d  s e c t i o n  i n t h r e e  t o  f o u r  t i me s  
cheaper  t han drawn m a t e r i a l .  Where s p e c i a l l y  
shaped components a r e  needed t hese  w i l l  be p r o ­
duced as c a s t i n g s ,  f o r  exampl e ,  t he  wheel  s u p p o r t  
u n i t s .  These would be sand c a s t i n g s  t hough d i e  
c a s t i n g s  would be recommended i f  i t  pr oves t oo  
d i f f i c u l t  or  e x p e n s i v e  t o  o b t a i n  t h e  r e q u i r e d  
s t a n d a r d  of  f i n i s h  i n  t h e  sand c a s t i n g s .  The 
machi ni ng pr ocess  would c o n s i s t  of  d r i l l i n g  h o l e s  
t o  p r e - s e t  measurements and j i g s  coul d be used t o  
s i m p l i f y  t h i s  o p e r a t i o n .  There  a r e  a l s o  some 
components t h a t  c o n t a i n  a s l o t  and would r e q u i r e  
t he  use o f  a m i l l i n g  mach i ne ,  which would a l s o  be 
r e q u i r e d  f o r  c l e a n i n g  up some of  t he  cas t  com­
pon ent s .
8 . 2 . 1 1  Tube bendi ng would be r e q u i r e d  t o  form t h e  b a s i c  
top f rame o f  t h e  t r o l l e y  and s p e c i a l  f o r me r s  needed  
t o  accommodate t h e  f l a t  o v a l  s e c t i o n .  The f r ame  
would c o n s i s t  o f  two end s e c t i o n s  shaped w i t h  t he  
rounded co r n e r s  and two s t r a i g h t  mi ddl e  s e c t i o n s .  
The s e c t i o n s  would be j o i n e d  t o  form t he f r ame by 
usi ng i n s e r t s  and j o i n t s  s i t u a t e d  under  t he  wheel  
suppor t  u n i t  c a s t i n g s .  These would t hen be 
f a s t e n e d  t hr ough t h e  f rame and i n s e r t  t o  form a 
r i g i d  j o i n t .
8 . 2 . 1 2  Once a l l  t he  components have been pr epa r e d  f o r  
assembly by p r e - d r i l l i n g ,  i n d i v i d u a l  s u b - a s s e m b l i e s  
can be made p r i o r  t o  t he  f i n a l  assembly of  t h e  
whole t r o l l e y .  A t y p i c a l  sub-assembl y  would be 
t he  cross bar  w i t h  t he  Tr ende l enber g r e l e a s e  u n i t  
and F o w l e r ' s  p o s i t i o n  h i nge  u n i t s  on i t  which can 
be p r e - a s s e mb l e d  and put  i n  p l ace  a f t e r  t he  main 
f rame has been made up.  A f t e r  p r e - a s s e mb l y  of
t he  s u b - g r o u p s , t h e  t op and b a c k r e s t  f rame w i l l  
form t he  f i r s t  u n i t  t o  be assembl ed.  The l egs  
and sub - f r ame  w i l l  t hen need t o be f i t t e d  t o -
-  2 3 9  -
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g e t h e r  w i t h  t he  cr oss s t r u t s  and any components  
t h a t  f i t  on t hese  such as t he  Tr end eLenb er g  Lock 
u n i t s  and s p r i n g s .  These and t he  wheel  s u p p o r t  
u n i t  t op c a s t i n g s  form t he  b a s i c  f ramewor k t o  
which t h e  o t h e r  p a r t s  ar e  f i t t e d .  The Lower  
f rame can be made up w i t h  t he  c a r r y  handl e  h i nges  
and wheel  suppor t  c a s t i n g s  t o g e t h e r  w i t h  t h e  cr oss  
s t r u t s  ont o which t he  l egs have been p l a c e d .  The 
c e n t r a l  e l e v a t i n g  mechanism can t hen be assembl ed  
and t h e  upper  and l ower  f rames a t t a c h e d  t o  i t .  
F i n a l  assembl y  would c o n s i s t  of  a t t a c h i n g  t h e  r e ­
l ease  c a b l e s  f o r  t he  e l e v a t i n g  mechanism and b a c k ­
r e s t  r a t c h e t ,  t h e  wheel s and t h e  moul di ng f o r mi n g  
t h e  t r o l l e y  bed.  F i g .  154 shows t he  f u l l y  
assembl ed t r o l l e y  w i t h  t he  m o d i f i c a t i o n s  o u t l i n e d  
above .  Dur i ng  t h i s  assembl y j i g s  would be used 
t o  l o c a t e  components and some d r i l l i n g  woul d be 
n e c e s s a r y  t o  e n a b l e  f a s t e n i n g s  t o  be used.  
F a s t e n i n g  would c o n s i s t  of  pop r i v e t s ,  where t h e r e  
i s  l i t t l e  s t r a i n  on a component ,  and b o l t s  or  
scr e ws .  The cost  o f  m a t e r i a l s  and t h i s  assembl y  
o p e r a t i o n  i s  g i v e n  be l ow.
8 . 3  Pr od uc t  Co s t i ng
8 . 3 . 1  Wate r i  a Is
The f o l l o w i n g  i s  a breakdown of  t h e  m a t e r i a l s  
r e q u i r e d  f o r  one compl e t e  t r o l l e y .  The vol umes  
g i v e n  a r e  t he t o t a l s  f o r  each se t  of  components  
r e q u i r e d  f o r  a s i n g l e  t r o l l e y .
Component M a t e r i a l *  Vo lume c u . mm
Frames Al umi ni um 2 , 3 3 5 . 9 1 3
BA. 6063 TF 
F l a t  ova l  
20 x 40 x 1.5mm 
w a l l  t h i c k n e s s  
x 15. 78m
-  241 -
Compo nen t s M a t e r i a l V o l u m e  cu.mm
Sub- f r ame A I . F l a t  bar  
3 1 . 7 5  x 31.75mm x 
3m
5 7 . 1 5  x 6.35mm x 
350mm
4 4 . 4 5  x 6.35mm x 
500mm
5 7 1 , 5 0 0
1 2 0 , 0 1 5
1 3 3 , 3 5 0
Bushi ngs Ny Ion
31.75mm 0 x 850mm
Wheel  suppor t  
c a s t i n g s
A I . c a s t i n g 5 6 0 , 0 0 0
Ca r r y  handl e  
hi nges  -  body
A I . c a s t i n g 3 0 8 , 8 0 0 .
Ca r r y  handl e  
hi nges  -  handl e
A I . c a s t i n g 6 7 , 4 0 0 . 2 8
Ca r r y  handl es A l .  t ube  
2 5 . 4  x 3mm 
t h i c k n e s s  x 449mm
3 7 9 , 2 1 1 . 7 4
T r e n d e l e n b e r g  
r e l e a s e  bar
A l .  Round s o l i d  
12mm d i a . x  400mm
4 8 , 2 6 1 . 1 2
T r e n d e l e n b e r g  
cr oss p i v o t  
c a s t i n g
A I . c a s t i  ng 4 7 , 5 1 3 . 4 0 4
T r e n d e l e n b e r g  
hi nge  u n i t s
A l .  f l a t  b a r ,  or  
A l .  c a s t i n g  
6 . 3 5  x 3 1 . 7 5  x 
400mm
6 4 , 7 5 7 . 2 2 4
T r e n d e l e n b e r g  
st  r u t s
A l .  f l a t  bar  or  
A l .  c a s t i n g  
6 . 3 5  x 2 . 5 4  x 
750mm
1 0 4 , 6 5 1 . 2 5
Cross p i v o t  end/  
T r en d e l en b e  rg 
l ock
A I . c a s t i n g 2 2 , 2 3 6 . 3 0 2
Fowl er  p o s i t i o n  
p i v o t  t o g g l e
A I . unequa I ang l e  
38. 1  x 1 2 . 7  x 
3 . 1 7 5  x 1752mm
2 5 0 , 1 8 5 . 6
Fowl er  p o s i t i o n  
l i f t i n g  br a c k e t s
A l .  c a s t i n g s 7 5 , 5 5 2
Fow l e r /
T r e n d e l e n b e r g  
cross p i v o t
A l .  round 16mm 
d i a me t e r
9 7 , 4 1 7 . 7 1
F o w l e r /
Trende l enber g  
s i d e  b r a c k e t s
A l .  ang l e  or  
c a s t i n g
4 5 , 4 0 8
F o w l e r /
T r e n d e l e n b e r g  
p i v o t  h o l de r
A l .  c a s t i n g 3 2 , 4 8 0
-  2 4 2  -
C ompo ne n t M a t e r i a l V o l u m e  cu.mm
Cross pi  vot  s
Top Hat  u n i t s
Fowl e r  p o s i t i o n  
p i v o t  u n i t
B a c k r e s t  suppor t
B a c k r e s t  s l i d e  
u n i t
Frame b r a c k e t
Lower  b r a c k e t
B a c k r e s t  sup por t  
p i v o t s
Si de  arm r a i l s
S i de  arm l ock  
b r a c k e t s
Si de  arm s l i d e s
Si de arm st  r u t s
Si de  arm l ocks
B a c k r e s t  r a t c h e t  
u n i t
Cent  re u n i t  
p i v o t  p i ns
Ce nt r e  u n i t  
l o c k i n g  t o g g l e s
Ce n t r e  r a t c h e t  
ba r
Ce nt r e  housi ng
T r o l l e y  bed 
sheet  i ng
Thi s  g i v e s  a t o t a l
A l .  t ube  
0 1905 x 3mm 
t h i c k n e s s  x 
1056mm
0 2 2 . 2 2 5  x 3mm 
t h i c k n e s s  x 
1 549mm
A l .  c a s t i n g  
0 1 6 . 2 2 5  x 2 o f f  
0 1 3 . 0 5  x 2 o f f
A I . c a s t i n g
A l .  squar e  
s e c t i o n
10 x 10 x 535mm 
A l .  c a s t i n g
A l .  c a s t i n g  
A l .  c a s t i n g  
A l .  c a s t i n g
A l .  t ube  
0 1 9 . 0 5  x 2mm x 
1030mm
A l .  c a s t i n g
A l .  c a s t i n g
A I . channe I
2 8 . 4  x 10mm
A l .  c a s t i n g
A l .  c a s t i n g
S t e e l
S t e e l  c a s t i n g
A I . c a s t i n g
A l .  c a s t i n g
1 5 9 , 7 5 9 . 3 8
2 7 9 , 0 7 0 . 1 6
2 3 , 1 2 3 . 8 4 6
1 4 , 7 0 0 . 0 5 2
1 2 1 , 4 0 0
1 5 3 , 6 1 2
1 7 . 0 8 4 . 6  
4 3 , 0 6 5
7 , 4 1 1 . 6 8
1 1 0 , 3 5 6 . 4 5
1 8 . 3 8 7 . 0 6
2 6 , 9 4 8 . 7 3
2 2 6 , 1 4 4 . 8
3 8 , 7 6 8 . 1 4 6
7 8 , 9 5 0 . 8 3
1 5 5 , 5 3 2 . 6 6
1 9 , 7 1 1 . 8
1 1 5 , 5 5 2
2 0 3 , 3 0 4
1 , 1 1 9 , 1 0 6
cu.mm 
c u . cm
volume of  m a t e r i a l  of
8 , 2 1 8 , 7 3 7 . 2
8 , 2 1 8 . 7 3 7 2
-  2 4 3  -
For BA 6063 D e n s i t y  = 2 . 7 0  g / cu . cm
we i g h t  of  m a t e r i a l  =
8 , 2 1 8 . 7 3 7 2  x 2 . 7 0  = 2219059gm
= 2 2 . 1 9059Kg.
Wei ght  of  wheel s -  a p p r o x i m a t e l y  2 . 0 7 4 Kg / wh e e  I
4 wheel s = 8 . 109Kg .
T h e r e f o r e  t o t a l  e s t i m a t e d  we i ght  of  t he  t r o l l e y
= 2 2 . 1 9 0 5 9  + 8 . 1 0 9  = 3 0 . 2 9 9 5 9  or
3 0 . 3Kg.
8 . 3 . 2  Cost  of  M a t e r i a l s
Cost  of  a l umi n i um = £ 1 . 8 5 0 / k g  ( B r i t i s h  A l c a n )
22 . 2Kg cost s  £ 4 1 . 0 7
Cost  o f  wheel s  ( n o n - l o c k i n g )  = £ 7 . 3 9  each
4 wheel s  cost  £ 2 9 . 5 6
Ha n d l e s ,  c a b l e s ,  f a s t e n i n g s  e t c . ,  approx £ 5 0 . 0 0
Pr o b a b l e  t o t a l  cost  o f  m a t e r i a l s
= £ 1 2 0 . 3 6
8 . 3 . 3  Assembly cost s
The f o l l o w i n g  breakdown of  t he  components and t he  
pr ocesses  needed t o  p r e p a r e  them f o r  assembl y  
a l l o ws  t h e  t i me  r e q u i r e d  f o r  t h i s  o p e r a t i o n  t o  be 
c a l c u l a t e d .  S i m i l a r l y ,  a breakdown of  t h e  main 
assembl y pr ocess e na b l e s  t he  t i me  r e q u i r e d  her e  t o  
be assesse d .  T h i s  enab l es  t he  l abour  cos t s  t o  be 
c a l c u l a t e d  f rom t he  e s t i m a t e d  t i mes r e q u i r e d  t o  
p r e p a r e  and assembl e a s i n g l e  t r o l l e y .
a ) Assembly p r e p a r a t i o n
Component Pr ocess Number o f f  Ti  me/mi  ns
Sub- f r ame Fol d 4 10
D r i l l  ho l es  8 30
Legs D r i l l 24 90
change t o o l  3 t i mes 1 5
-  2 4 4  -
Component Process Number o f f T i m e /  f
C o n t r o l  u n i t  
t ogg l e l ocks
D r i l l ho l es 2 10
R a t c h e t  s t r u t D r i l l






Wheel  suppor t  
c a s t i n g s
c l ean h o l es 12 30
Body h i nge  
u n i t
D r i l l ho l es 4 10
Handl e  h i nge  
u n i t
D r i l l ho l es 4 10
T r e n d e l e n b e r g D r i l l h o l es 2 5
cr oss p i v o t c l ean hol es 2 5
T r e n d e l e n b e  rg 
hi nge
D r i l l ho l es 2 5
T r e n d e l e n b e r g D r i l l ho l es 4 10
st  r u t s Change t oo I 1 5
Fowl e r  p o s i ­
t i o n  t o g g l e
D r i l l ho l es 4 10
l eve  r change t o o l 1 5
F owl e r  p o s i ­ D r i l l ho l es 6 15
t i o n  s t r u t s S l o t 2 15
Change t o o l 1 5
F o w l e r /
Tr ende  l en b er g  
cr oss p i v o t
D r i l l ho l es 1 8
Si de b r a c k e t D r i 11 ho l es 2 5
P i v o t  h o l d e r D r i l l ho l es 6 15
change t o o l 1 5
B a c k r e s t  sup­
p o r t  b r a c k e t s
D r i l l hol es 8 15
Si de arm 
b r a c k e t s
D r i l l hol es 4 10
Ba c k r e s t D r i l l ho l es 2 12
T o t a l  370 mins  
T o t a l  p r e - a s s e mb l y  p r e p a r a t i o n  t i me  = 370 mins
= 6h r s . 10 mi ns .
-  245  -
b) Ma in Assemby
T i me / mi ns
1) Top f rame wi t h  wheel  suppor t  u n i t s  45
and b a c k r e s t
2)  Sub- f r ame assembl y 45
3)  Lower f rame wi t h  wheel  suppor t
u n i t s /  h i nge ends 30
4)  C e n t r a l  mechanism w i t h  r e l e a s e  u n i t  25
5)  Leg s y s t e m / T r e n d e l e n b e r g  l ock  
c a s t i n g s / t o p  and bot t om f rames 60
6)  Fowl er  p o s i t i o n  cr oss p i v o t /
T r e n d e l e n b e r g  35
7)  Remainder  Fowl er  p o s i t i o n  &
Trende l enber g  p o s i t i o n  30
8)  Ba c k r e s t  suppor t  & s l i d e  u n i t  60
9)  Si de arms assembl y & a t t a c h  60
10)  WheeI  uni  t s  15
11)  Re l ease  l e v e r s  & c a b l e s  45
12)  Sh ee t i ng  45
495 mins
8 . 2 5  h rs
T o t a l  t i me  f o r  assembl y  -  495 mi ns.
= 8 h r s .  15 mi ns .
T o t a l  o v e r a l l  l abour  t i me  = 8 h r s .  15mins
+ 6h r s . 1Omi ns
= 14h r s . 25mi n s .
Assuming l abour  cost s  of  £ 5 . 0 0 / h r .
Cost  of  l abour  t o t a l  = £ 7 2 . 5 0
T o t a l  b as i c  cost  of  t r o l l e y  = Labour  & m a t e r i a l s
= £ 7 2 . 5 0  + £ 1 2 0 . 3 6
= £ 1 9 2 . 8 6
-  2 4 6  -
8 . 3 . 4  I t  i s  e s t i m a t e d  t h e r e f o r e  t h a t  t he  t r o l l e y  can be 
ma n u f a c t u r e d  f o r  a b a s i c  cost  of  £ 2 0 0 . 0 0  -  £ 2 5 0 . 0 0  
per  t r o l l e y .  These f i g u r e s  a r e  onl y  rough 
e s t i m a t e s  and i t  may be found t h a t  on s e t t i n g  up a 
p r o d u c t i o n  run t o p r e p a r e  and assembl e components  
and s u b - a s s e m b l i e s  t he  e s t i m a t e d  t i me  may be r e ­
duced i n t u r n  r e d u c i n g  t h e  l a b o u r  cost  and t o t a l  
m a n u f a c t u r i n g  c o s t s .
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9 D i s c u s s i o n  and C o n c l u s i o n
9- 1 I n t  r oduc t  i on
9 - 1 . 1  The aim of  t h i s  p r o j e c t  was t o d e v e l o p  a new
s t r e t c h e r  t r o l l e y  des i gn a f t e r  e xa mi n i ng  e x i s t i n g  
e q u i p me n t ,  p a r t i c u l a r l y  t he  ' Yor k  4 '  and ' Supe r  4 '
mode l s ,  and t o  d i s c o v e r  any probl ems r e l a t i n g  t o
t h e s e -  The i n f o r m a t i o n  g a t h e r e d  d u r i n g  t h i s  
pr ocess  was used t o  i d e n t i f y  pr obl ems and t o  
f o r m u l a t e  a per f or mance  s p e c i f i c a t i o n  a g a i n s t  
whjch t h e  new des i gn  was c r e a t e d .
9 - 1 . 2  The new d es i gn  was deve l oped t hr ough t he  i n i t i a l  
pr obl em s o l u t i o n  st ages t o f i r s t  p r o t o t y p e / t e s t  
r i g  and t hen  t o  second p r o t o t y p e  l e v e l -  T h i s  
p r o t o t y p e  demonst r a t es  a 11 t he  wor k i ng  p r i n c i p l e s  
f o r  t h e  des i gn  s o l u t i o n s  t o  t he pr obl ems i d e n t i f i e d  
and was e v a l u a t e d  a g a i n s t  t he  p e r f o r mance  
s p e c i f i c a t i o n  and s u b j e c t e d  t o  f i e l d  t r i a l s  i n v o l v ­
i ng h a n d l i n g  e x e r c i s e s -  An assessment  o f  t h i s  
s o l u t i o n  f o l l o w e d  by an assessment  o f  t h e  methods  
used t o  a c h i e v e  i t  a r e  g i ven  be l ow.
9 . 2  Desi gn S o l u t i o n  Assessment
9 . 2 . 1  When assessed a g a i n s t  t he  pe r f o r mance  s p e c i f i c a t i o n  
( 3 . 4 )  t he  new des i gn  compares f a v o u r a b l y  a g a i n s t  
t he  e x i s t i n g  model s .  There  ar e  a dv ant ages  i n  
h a n d l i n g  t he  t r o l l e y ,  p a r t i c u l a r l y  access t o  t he  
o p e r a t i n g  handl es  when in t he  ambul ance.  The r e  i s  
a l s o  i n c r e a s e d  s a f e t y  i n usi ng t he  new t r o l l e y  as 
a l l  wor k i ng  p a r t s  are p l aced  away f rom h a n d l i n g  
a r e a s .  The b e n e f i t s  to t he  p a t i e n t  a r i s e  f rom 
i n c r e a s e d  s e c u r i t y  g i ven by s i de  arms.  The use 
of  t h e  new e l e v a t i n g  mechanism a f f o r d s  g r e a t e r  
s t a b i l i t y  t o  t he t r o l l e y  t han at  p r e s e n t  and,  
a f t e r  t e s t i n g ,  should enabl e  t he t r o l l e y  t o be 
used a g a i n  i n t he  e l e v a t e d  p o s i t i o n  when w h e e l i n g  
i t  on r e a s o n a b l e  s u r f a c e s .  As ment i oned e a r l i e r  
t h e r e  a r e  some d e t a i l s  on t he p r o t o t y p e  t h a t  caused
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d eb a t e  d u r i n g  t he  h a n d l i n g  e x e r c i s e s  but  t h e s e  
have been r e v i s e d  d u r i n g  t h e  r e - d e s i g n  p e r i o d .
On t he  whole t h e  new de s i g n  o f f e r s  g r e a t e r  
p o t e n t i a l  f o r  u s i n g  a l l  t h e  f a c i l i t i e s  a v a i l a b l e  
both i n and out  o f  t h e  ambul ance .
9 . 2 . 2  The above assessment  was based on t he  p e r f o r ma n c e  
s p e c i f i c a t i o n  C3 . 4 )  which was f o r m u l a t e d  f rom t he  
i n f o r m a t i o n  g a t h e r e d  d u r i n g  t h e  d a t a  c o l l e c t i o n  
p e r i o d .  P r i o r  t o  t h i s  a l l  t r o l l e y s  were r e q u i r e d  
t o  meet  t he  ASAC recommendat i ons ( 9 )  whi ch g i v e s  a 
v e r y  broad p e r f o r m a n c e / m a t e r i a l s  s p e c i f i c a t i o n  f o r  
a n o n - e l e v a t i n g  s t r e t c h e r  t r o l l e y .  I t  a l s o  de ­
f i n e s  c e r t a i n  s p e c i f i c  d e t a i l s  such as ;  " t h e  
t r o l l e y  f rame shoul d  be c o n s t r u c t e d  of  l i g h t w e i g h t ,  
n o n - c o r r o d i n g  m e t a l " ,  whi ch would have a r e s t r i c t ­
i ng e f f e c t  on p o s s i b l e  d e s i g n s .  The p e r f o r ma n c e  
s p e c i f i c a t i o n  de v e l o p e d  f o r  t h i s  p r o j e c t  seeks t o  
d e f i n e  t he  a c t i o n s  r e q u i r e d  o f  t h e  t r o l l e y  and not  
t h e  way i n  which t h e s e  shoul d  be a c h i e v e d .  I t  
has been i n f l u e n c e d  by t h e  i n f o r m a t i o n  c o l l e c t e d  
i n  t h a t  i t  i s  d e r i v e d  f rom t h e  pr o c e s s e s  used 
d u r i n g  c a s u a l t y  h a n d l i n g  and o u t - p a t i e n t  wor k .
I t  a l s o  d i f f e r s  f rom t h e  ASAC r ecommendat i ons i n  
i t s  g r e a t e r  d e t a i l  bas ed ,  p a r t l y  as s t a t e d  on t h e  
p r o c e s s e s ,  and p a r t l y  on t h e  ergonomi c r e q u i r e ­
ments such as s p e c i f i c  a n g l e s  o f  t i l t  or  e l e v a t i o n .  
The maj or  d i f f e r e n c e ,  however ,  i s  t h a t  t h e  p e r f o r m ­
ance s p e c i f i c a t i o n  i s  de s i g n e d  ar ound an e l e v a t i n g  
s t r e t c h e r  t r o l l e y  and t he  d i f f i c u l t i e s  p e c u l i a r  t o
t h i s  such as s t a b i l i t y .  To d a t e ,  t he  e l e v a t i n g
t r o l l e y  has not  been s p e c i f i e d  i n any s t a n d a r d s  
though i t i s  becoming more p o p u l a r  i n i t s  use .
9 . 3  Desi gn Met hodol ogy Assessment
9 . 3 . 1  The devel opment  of  t he  d es i gn  s o l u t i o n  s t a r t s  w i t h
t he  per f or mance  s p e c i f i c a t i o n  which i n t u r n  was
d e r i v e d  f rom t he  i n f o r m a t i o n  c o l l e c t e d .  Dur i ng  
t he  da t a  c o l l e c t i o n  p e r i o d  i n f o r m a t i o n  was g a t h e r e d
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f rom a v a r i e t y  of  sources  and i t  was n e c e s s a r y  t o  
i n t r o d u c e  some form of  o r d e r  t o  e n a b l e  t he  r e l e v a n t  
i n f o r m a t i o n  t o  be s e p a r a t e d .  Th i s  was done by 
a n a l y s i n g  t he  da t a  and d e r i v i n g  t hose  f a c t s  r e l a t ­
i ng e i t h e r  t o  p r o c e d u r e s  i n v o l v i n g  t he  use of  t he  
t r o l l e y  or  t o  t he  t r o l l e y  i t s e l f .  At  t h i s  s t age  
i t  was f ound n e c e s s a r y  t o  use b a l l o o n  c h a r t s  t o  
c l a r i f y  t h e  r e l a t i o n s h i p s  between t h e  v a r i o u s  f a c t s  
i d e n t i f i e d .  I t  was f rom t h i s  t h a t  t he  p e r f o r ma n c e  
s p e c i f i c a t i o n  was d e r i v e d .  Th i s  s p e c i f i c a t i o n  was 
used as t h e  f ramewor k  f o r  t h e  d es i gn  s o l u t i o n .
9 . 3 . 2  I d e a l l y  a d es i g n ed  pr o d u c t  shoul d be seen as a 
whol e u n i t  i n c o r p o r a t i n g  a l l  t he  f e a t u r e s  w i t h i n  a 
t o t a l  c o n c e p t .  I n  t h i s  way i t  i s  p o s s i b l e  t o  
i n t e g r a t e  f e a t u r e s  i n t o  a u n i t  w h i l e  m a i n t a i n i n g  
an o v e r a l l  i mage.  However ,  on ex a mi n i n g  t h e  
t r o l l e y  i t  was d e c i d e d  t h a t  i t  would not  be 
p o s s i b l e  t o  de s i g n  a l l  t h e  f e a t u r e s  s i m u l t a n e o u s l y  
as t h e  m u l t i - f u n c t i o n a l  use o f  t he  t r o l l e y  was t oo  
compl ex .  I t  was,  t h e r e f o r e ,  d ec i d e d  t h a t  t h e  
f u n c t i o n s  shoul d  be d i v i d e d  i n t o  r e l a t e d  groups  
where p o s s i b l e  and des i gned as u n i t s  w i t h i n  t he  
wh o l e .  T h i s  e n a b l e d  i n d i v i d u a l  s o l u t i o n s  t o  be
pr oduced which were t hen r e l a t e d  t o  t he  t o t a l
d e s i g n  c o n c e p t .  I t  was found n e c e s s a r y ,  ho we v e r ,  
t o  use a p r i o r i t y  r a t i n g  t o  d i s t i n g u i s h  t h o s e  
f u n c t i o n s  t h a t  would have t he  maximum i n f l u e n c e  on 
t he  de s i g n  s o l u t i o n  of  t he  o t h e r  f u n c t i o n s ,  and t o  
r e s o l v e  t hese  f i r s t  i n o r d e r  t h a t  t he  o t h e r s  cou l d  
be r e s o l v e d  around them.
9 . 3 . 3  T h i s  method of  wor k i ng had t he d i s a d v a n t a g e  t h a t  
i t  was d i f f i c u l t  t o  work on i n d i v i d u a l  u n i t s  w h i l e  
m a i n t a i n i n g  an o v e r v i e w of  t he whole which r e s u l t e d ,  
on some o c c a s i o n s ,  in t he p u r s u i t  of  i deas  and 
s o l u t i o n s  t h a t  were a c t u a l l y  unwor kab l e  w i t h i n  the^ 
c o n t e x t  of  t he  o t h e r s .  I n some cases t h i s  d i d  not  
become a p p a r e n t  u n t i l  3 - d i m e n s i o n a l  work was
s t a r t e d .  S i m i l a r l y ,  some probl ems coul d  not  be
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r e s o l v e d  u n t i l  a 3 - d i m e n s i o n a l  s t r u c t u r e  of  t he  
des i gn  was a v a i l a b l e .
9 . 3 . 4  The des i gn  s o l u t i o n s  f o r  t hese  d i f f e r e n t  f u n c t i o n s  
were i n  most cases g e n e r a t e d  i n i t i a l l y  i n  
2 - d i m e n s i o n a l  form and dependi ng on t h e i r  compl ex­
i t y  some were r e s o l v e d  w i t h o u t  3 - d i m e n s i o n a l  
deve l opment  t o f i n a l  des i gn  p r o p o s a l .  O t h e r ,  
however ,  r e q u i r e d  e a r l y  deve l opment  i n  3 - d i m e n -  
s i o n a l  form because of  t h e  complex n a t u r e  of  t he  
mechanisms and t h e i r  r e l a t i o n s h i p  t o  o t h e r  
f e a t u r e s  w i t h i n  t h e  whole d e s i g n .  As s t a t e d  abo ve ,  
wi t h  some f e a t u r e s  des i gn  s o l u t i o n s  were not  r e ­
s o l v e d  u n t i l  t he  2nd.  p r o t o t y p e  had been d e v e l o p e d  
and t h e i r  p o s i t i o n  and o p e r a t i o n  w i t h i n  t h e  c o n t e x t  
of  t h e  t o t a l  u n i t  cou l d  be seen.  Two d i m e n s i o n a l  
work was v e r y  v a l u a b l e  as a means o f  e x a mi n i n g  a 
range o f  i deas  and l a y o u t s  but  i t  was f ound  
e s s e n t i a l  t o  use 3 - d i m e n s i o n a l  mock-ups and p r o t o ­
t ypes  t o  r e s o l v e  a l l  t he  d i f f i c u l t i e s  o f  t h e  
i n t e g r a t i o n  of  moving p a r t s ,  t he  wor k i n g  o f  t h e  
mechanism and p o s i t i o n  o f  o p e r a t i n g  d e v i c e s .  I t  
would be e x c e e d i n g l y  d i f f i c u l t  t o  e n v i s a g e  m e n t a l l y  
a 3 - d i m e n s i o n a l  s o l u t i o n  w i t h o u t  a p h y s i c a l  
pr odu c t  t o  exami ne ,  a l t e r  and assess w h i l e  w o r k i n g .
9 . 3 . 5  Un d o u b t e d l y ,  t h e  methods used t o  d e v e l o p  t h e  de s i g n  
can be i mpr oved,  a l t h o u g h  i t  woul d be d i f f i c u l t  t o  
s t r u c t u r e  t he  p r o j e c t  i n any o t h e r  way.  The main 
i mprovement  would come wi t h  t he  r e - a l l o c a t i o n  of  
t i me  t o t he v a r i o u s  s t ages  of  t he  p r o j e c t  where  
probl ems ar ose dur i n g  t he  p r e s e n t  d es i gn  d e v e l o p ­
ment .
9 , 4  Conc l us i on
9 . 4 . 1  At t he s t a r t  of  t h i s  p r o j e c t  t he  aims were t o
deve l op a per f or mance  s p e c i f i c a t i o n ,  t hen us i ng  
t h a t ,  t o  devel op a des i gn s o l u t i o n  f o r  an ambul ance  
s t r e t c h e r  t r o l l e y .  The f i r s t  of  t hese  a i ms ,  t he  
per f or mance  s p e c i f i c a t i o n ,  was d e r i v e d  f rom t he
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i n f o r m a t i o n  sea r ch  and forms a bas i s  f rom which  
any des i gn  f o r  an e l e v a t i n g  s t r e t c h e r  t r o l l e y  can 
be d e s i g n e d .  I t  a l s o  ena b l e d  probl ems t o  be 
i d e n t i f i e d  r e l a t i n g  not  o n l y  t o t he  e x i s t i n g  
equi pment  but  t o  g e n e r a l  h a n d l i n g  p r o c e d u r e s  which  
coul d  be c o n s i d e r e d  d u r i n g  t he  des i gn s o l u t i o n  
d e v e l o p me n t .
9 . 4 . 2  The second a i m,  t o  d e v e l o p  a d es i gn  s o l u t i o n  f o r
an ambul ance s t r e t c h e r  t r o l l e y ,  has r e s u l t e d  i n  t he  
d es i gn  s o l u t i o n  p r e s e n t e d  i n  t h i s  work and 
r e p r e s e n t s  t h e  a u t h o r ' s  s o l u t i o n  t o  t he  pr obl ems  
i d e n t i f i e d .  These were d ev e l o p ed  t o p r o t o t y p e  
s t age  and e v a l u a t e d  d u r i n g  a h a n d l i n g  e x e r c i s e  a t  
an ambul ance s t a t i o n .  The c o n c l u s i o n  o f  t h i s  
e x e r c i s e  was t h a t  t h e  de s i g n  woul d be s u i t a b l e  f o r  
f u r t h e r  deve l opment  and f i e l d  t r i a l s .
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ASAC RECOMMENDATIONS APPENDIX A
The Secretary of State for Social Services has received advice from the Ambulance 
Service Advisory Committee on stretcher tro lleys for the Ambulance Service. The 
advice is set out in the Appendix and is commended by the Secretary of State to Local 
Authorities for consideration when ordering additional or replacement stretcher 
tro lle ys .
APPENDIX A to LHAL 21/71
STRETCHER TROLLEYS FOR THE AMBULANCE SERVICE 
GENERAL REQUIREMENTS
1. The tro lle y  should meet the following general requirements
a. I t  should be capable of use as e ither a safe and comfortable bed fo r one
reclining patient or a safe and comfortable bench for 4 s ittin g  patients.
b. I t  should permit ambulance aid , including postural drainage, to be given to 
the patient.
c. I t  should be capable of being easily l i f te d ,  carried and propelled.
d. I t  should be capable of use with poles and canvas and be able to carry 
securely BS (Furley) stretchers.
SPECIFICATIONS
2. Frame
a. The tro lle y  Frame should be constructed of light-w eight non-corroding metal.
b. The dimensions of the tro lle y  frame and mattress shall be in accordance with 
those shown in figure 1 of Appendix B, these are considered essential w ithin th is  
specification. Other dimensions are not given to allow for f le x ib i l i ty  in 
order to achieve other design requirements given in this specification.
c. The weight (including mattress) should not exceed 551bs.
d. To allow a comfortable ride over uneven surfaces the diameter of the wheels 
should be 100 mm. The wheels should be mounted in independantly moving castors. 
Bearings should be of a non-lubricating type. Sprung castors and shock absorbers 
should not be used as they tend to accentuate vehicle movements.
e. To avoid damage to the ambulance vehicle and walls of buildings and to 
protect seated patients, the frame should be without projections on e ith e r side 
and the corners should be rounded.
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f .  The tro lle y  should be equally capable of use on either side of the vehicle, 
and facing in e ither d irection.
3. Contouring
The top of the tro lle y  should be adjustable in the following ways:-
a. the whole top should be capable of being t i l te d  longitudinally to an angle of 
10 to 15 degrees.
b. one-third of the top should be capable of being inclined to form an angle of 
60 degrees with the remaining portion.
4. Mattress
m
The top of the tro lle y  should be covered with a firm  mattress of trough-shaped cross- 
section. The mattress should be cut away in two places on either side to enable 
ambulance men to grip the frame.
5. Safety of Reclining Patients
Folding guard ra ils  should be f it te d  on e ith er side, of adequate height to protect 
recumbent or semi-recumbent patients, both in the vehicle and when being carried or 
wheeled along the ground. Safety belts should be f it te d  to the frame of the tro lle y  
for the use of recumbent or semi-recumbent patients.
6. Carrying and Pulling Attachments
The tro lle y  should be equipped with pulling handles hinged and of su ffic ien t length 
to enable an ambulance man tra ilin g  i t  to walk in a reasonably upright posture. 
Telescopic carrying handles should be f it te d  at both ends and of su ffic ien t length to 
allow the ambulance man's body to clear the stretcher when he stoops to raise i t .
7. F ittings
The frame should incorporate a device a llowing s tre tche r  poles to be c lipped to i t .
8. Security of the Stretcher Trolley in the vehicle
Foot operated brakes should be f i t t e d  d iagonally  opposite sides o f the t r o l l e y .  The 
t r o l l e y  should be so constructed as to  be capable o f  being locked in to  p os it ion  a t 
e i th e r  side o f the veh ic le . The vehic le  locking device should provide 2 lock ing 
pos it ions
a. close to the wall fo r  use by s i t t i n g  p a t ien ts ,  g iv ing maximum width o f  gangway.
b. away from the wall fo r  use by rec l in in g  p a t ie n t with stretcher poles in  place 
and blankets covering. I t  should provide p os i t ive  locking on the wheel v e r t ic a l  
support. [See f ig  la  o f Appendix B]
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On occasion there may be a need to position the tro lley  in the centre of the ambulance. 
In this situation secure locking can be achieved by providing horizontal supports at 
the ends of the tro lle y  and the use of floor clamps (See fig  lb of Appendix B). 
Ambulance authorities may wish to have some of the ir stretcher type vehicles so f it te d .
9. Cleaning
Mattress and frame should be made of materials which can be easily cleaned.
Mechanical parts should be impervious to moisture.
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REPORT ON THE VI SI T TO AMBULANCE STATION B,  6 OECEMBER 1 9 8 2 . APPENDIX B
This v is it  was arranged with Mr. Tim Rowe, Field Sales Manager, F. W. Equipment Co. Ltd. 
to enable discussions to be carried out on the use and problems of the elevating stretcher 
tro lleys  with the personnel at the ambulance station.
We were able to ta lk  to the officers  on standby duty, Cheryl and Paul in the morning 
and Alan and Alan in the afternoon, and to jo in  the crews in the canteen during th e ir  
breaks. We were also offered the opportunity of joining crews when answering '999* 
calls  to observe the stretcher tro lleys  in use.
GENERAL COMMENTS
At this station a ll ambulances appeared to carry one elevating stretcher t ro lle y , 
e ither the 'York 4' or 'Super 4' model, and one non-elevating model (York 2 ).
The 'Super 4' always carries the C.P.R. mattress and the 'York 4' the standard 
mattress. These two are normally used for carrying casualties while the 'York 2' is  
used as a stretcher only when carrying bodies as th is  keeps the elevating stretcher 
clean.
Ambulance layout here d iffe rs  from that seen at the Ambulance Station A as shown in 
the diagram overleaf.
These layouts allow a choice of stretcher tro lle y  position mainly depending on 
team preference when loading the tro lle y . However, though most teams use the le f t  
side, some prefer the casualty on the righ t or "middle of the road" side ( d ia . 2b) 
where the tro lle y  lies  between wheels and there is less likelyhood of holes and rough 
patches in the road, so ensuring a smoother ride.
Seating arrangements consist of e ither four seat units, as shown in d ia .2a. or more 
roomier three seat units ( di a . 2b). Arm rests and seat belts are provided with the 
back units. Two attendant's seats are provided in each ambulance, one of which 
folds up and the other can be removed and clipped onto the side of the tro lle y .
The vehicles examined ranged from the very new *Y1 registered model to old ones about 
to be scrapped. The ones travelled in were approximately 3 and 5 years old 
respectively.
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Am b ul a n c e  S t a t i o n  A L a y o u t
2 stretchers exactly  
opposite each other and 
over the wheel arches.
Ambulance Station B Layout
Mornings: elevating stretcher 
on le f t  (Super 4)
4 seat unit on the rig h t.
Evening: elevating stretcher 
on the right - (middle of the 
vehicle) (York 4)
3 seat unit on the le f t .
USE AND HANDLING
In Ambulance Station B, standby duty consists of four hours on with the rest of the 
s h ift  f i l le d  in with outpatient and "geria tric" runs, and at mealtimes any team 
available in the station answers a standby c a ll.
Most emergency work consists of answering house calls and street accidents and the 
handling of a casualty is basically the same as described at Ambulance Station A.
For a house call the stretcher chair has to be used to fetch the casualty out and into  
the ambulance where he is  transferred to the stretcher tro lle y . This method is used 
apparently regardless of the in jury though crews say that they have tr ie d  to take the 
tro lleys  into buildings and up stairs  but the corners and size of corridors, and the 
slope of staircases make carrying a casualty out safely very d if f ic u lt .  Unfortunate­
ly , when a person feels i l l  they automatically re tire  upstairs to bed.
For a street pick up the stretcher tro lle y  w ill most lik e ly  by used and the casualty is 
loaded onto the tro lle y  in the street then back into the ambulance.
The tro lle y  is always loaded head f i r s t  into the ambulance with the casualty facing 
backwards though in some cases, e.g. a coronary, they would be better facing forwards. 
Sometimes, i f  on a long run and the attendant wishes to ride in the cab, the patient is 
carried facing forward where his face can be observed in the rear-view m irror.
At the hospital, the tro lle y  is off-loaded then elevated before being wheeled into the 
Accident and Emergency department where the casualty is e ith er l i f te d  or allowed to 
transfer himself across onto the hopsital tro lle y .
In the hospital seen the corridors were narrow with sharp corners making access for 
the tro lle y  d if f ic u lt  and the casualty cubicles were small with e ither one or two 
hospital tro lleys  already in them, leaving l i t t l e  room for l i f t in g  and carrying the 
casualty during transfer.
Though the elevating stretcher tro lle y  is always used for the casualty there is no 
selection fa c il i ty  to match tro lley  type with a particu lar emergency, e .g . an 
ambulance carrying the 'Super 4' tro lle y  w ill not be sent to a cardiac arrest case 
unless i t  happens to be on duty at the time. Some hospitals, however, do have a 
special vehicle equipped to answer cardiac ca lls .
When working a t n igh t,  the ambulances are f i t t e d  with spo t l igh ts  and they can c a l l  on 
the police fo r  add it iona l help. However, the ambulance o f f ic e rs  a l l  carry some form 
o f small pocket torch but would be able to locate any o f  the contro ls  on the t r o l le y  
in  the dark, i f  necessary.
When on standby duty, the elevating tro lley  is always made up with a pillow  and
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blankets and loaded into the ambulance head forward making id en tifica tio n  of the ends 
easy, but Paul feels that should the pillow be removed then he would not immediately 
be able to id en tify  the head end.
Cheryl, who is 6' t a l l ,  has no d iff ic u lty  in using any of the tro lle y  handles or 
controls. She has, however, arranged with her partner always to carry the foot or 
lig h te r end to prevent in jury to herself and the risk of not being able to have 
children. The comment was made that now the ambulance crews are not allowed into the 
wards the nurses have to use the tro lleys and often do not know how, so that the 
tro lle y  remainds in its  original position. E arlie r models had a simple transfer 
sticker on the side indicating the elevating handle position and operating instructions 
but this is now ommitted.
■Weights to be l i f te d  on the trolleys vary up to 20 stone though some casualties are 
even heavier. I t  has also been observed that people are growing bigger and ta l le r .
The o fficers  questioned had not used the hyper-extension fa c i l i ty  on the 'Super 4' 
tro lle y  and therefore could not comment, however, they thought that i t  would probably 
take too long to set up and they would tend to use a ro lled blanket quickly placed 
under the casualty's neck to extend i t .
Straps with quick release buckles are provided for restraining a casualty but these 
are not used unless the casualty is v io lent, such as an e p ilec tic . The p lastic  
mattress can give a s ta tic  e lec tric  shock but this is not enough to worry about.
The stretcher tro lleys are normally carried at e ith er side of the ambulance but in 
some, centre positioning slots are provided where an adjustable ratchet clamp can be 
used to secure the tro lle y .
The tro lle y  materials do not appear to be affected by any chemicals used and are 
easily wiped clean though some slight staining does occur a fte r time. This, however,
was not very noticeable. The mattress is also easily cleaned though the flu tin g  in 
the centre can hold d ir t .  There is no apparent reason for this flu tin g  other then, 
perhaps, to make the seat more like a car cushion.
The ambulance o fficers do not seem to have had any comments from patients on the 
comfort of or th e ir feelings about a stretcher tro lle y .
I t  was suggested that a place on the tro lley  for a small portable oxygen bottle  would 
be very useful. At present a casualty requiring oxygen uses the ambulance supply 
while in the ambulance, and the hospital main supply when transferred to the hospietal, 
but during the transfer he is put onto a small portable supply. As there is no 
provision for the bottle on the tro lley  this has to be e ither tucked into the blanket 
beside his thighs or placed between the legs which may be embarrasing to the casualty.
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PROBLEMS
The  f o l l o w i n g  p r o b l e m s  w e r e  d i s c u s s e d : -
1) Getting a patient out of a house or building especially high rise f la ts . Attempts 
have been made to use the tro lle y  but the excessive angle when coming down sta irs  allows 
the casualty to slide o ff the lower end onto the attendant. A 'Scoop' stretcher was 
trie d  to l i f t  a casualty o ff  a bed, but this was not found feasible as the bed surface 
was too soft to allow the stretcher to be s lid  under the casualty.
2) A casualty 6' t a l l  or over w ill only ju s t f i t  on the stretcher tro lle y  and should 
they have a fu ll leg plaster on with the walking heel fix tu re , the leg extends several 
inches beyond the end of the tro lle y  making i t  d if f ic u lt  to carry them without further  
in jury and in some cases to f i t  the tro lle y  into the ambulance.
3) The side bars are too low to give a casualty an adequate sense of security p articu la r­
ly  i f  they are big or have large thighs. Older people especially feel the need to
hold onto the bars.
4) The position of the towing handles and side bars when loading the ambulance, varies 
between vehicles but on one i t  was observed where the side bar had been rubbing the top 
of the wheel arch. In other cases the side bars w ill not go in when up, because the 
back unit is too low. The towing handle can jam on the wheel arch or other fixtures  
in the vehicle depending on the location of the tro lle y .
5) Stretcher tro lleys have been known to come loose from the locks while the vehicle 
is in motion upsetting the patient and possibly causing further in ju ry . In one 
vehicle i t  was observed that the attendant rode on the stretcher opposite the casualty 
and kept he foot on the lower bar of the casualty's stretcher to prevent i t  moving 
about.
6) The elevating mechanism is frequently used but can be very heavy to operate when 
l i f t in g  a large casualty. Care needs to be taken when lif t in g  as an unequal raise can
t i l t  the tro lle y  and cause i t  to drop. (This has happened). The slides and ratchet
become d irty  with g r it ,  bent and worn and can s lip  allowing the bed to fa l l  with a
jo l t ,  or stick in one position so that raising and lowering the stretcher requires
excessive force which i t  is not possible to use with a casualty in place.
7) The backrest is also frequently used but again, can slip  when worn giving the 
casualty a bad shock as i t  fa lls  backwards. I t  is sometimes d if f ic u lt  to move smooth­
ly and when in the ambulance, p articu larly  in the position shown in d ia .2b ., there is 
very l i t t l e  room for hand access for l i f t in g  the backrest.
8) The towing handles get in the way not only when the tro lle y  is in the ambulance
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but also while i t  is being loaded. As the attendant walks up the steps he heels can 
catch on the handle and i i  some cases they are removed from the front o f the tro lle y  
to prevent th is .
9) The telescoping handles become badly scored and worn as g r it  and d ir t  gets into them. 
They then become very s t i f f  and need banging to push them back into the lower bar which 
again jo lts  the casualty. The caps holding the handles in , are screwed onto the ends 
of the lower bars and they work loose requiring constant checking to prevent a handle 
coming out.
10) The telescoping handle ends seem to cause the greatest problems. They are p lastic  
mouldings held in place by one r iv e t. When the telescoping handle is pushed back into  
place the handle end hits the cap causing the p lastic  to s p lit  around the r iv e t and 
eventually the end w ill come o ff . Unfortunately, this  always seems to happen when a 
casualty is e ither being off-loaded from the ambulance or carried o ff a f ie ld , requir­
ing quick action from the ambulanceman to prevent the tro lle y  capsizing.
F. W. Equipment Co. L td ., are attempting to solve this problem now by setting a stop 
within the lower bar that prevents the handle end from touching the cap when the 
telescoping handle is pushed right in .
11) The Fowler position handle tends to jam against the towing handle when wound fu lly  
up. The winding mechanism is sometimes s t i f f .
12) Lack of maintenance allows parts to wear badly and the aluminium to become scored 
and embedded with road g r it  and dust. This in turn leads to excessive wear and s t i f f  
or seized movement, however, despite this the tro lleys are lasting the l i f e  of the 
ambulance.
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COMMENTS -  MR. TIM ROWE
The following comments were made by Mr. Tim Rowe on points raised during the v is i t .
F. W. Equipment Co. L td ., are now facing the problem that health authorities are 
cutting back on th e ir expenses and as a result are suggesting that older stretcher 
tro lleys  should be re-furbished and re-used in new ambulances. Up to now i t  appears 
that when a new ambulance is bought i t  is f it te d  with new equipment. However, re­
furbishing old tro lleys  w ill reduce th e ir  sales and a new stretcher tro lle y  model is 
needed to replace the old one which may then be phased out as obsolete.
The problem of tro lleys  not f i t t in g  in the ambulances is due to lack of lia ison between 
the equipment builders and the coach builders. He has trie d  to discuss these 
problems with the coach builders but did not get any response. A resu lt of this lack 
of communication, however, is that back units are put on at d iffe ren t heights, some of 
the tro lleys  w ill f i t  under with side bars up but in others i f  the bars are up the arm 
rests cannot be used. S im ila rly , the problem of the towing handle and access to the 
stretcher in the ambulance is in most cases due to lack of consideration fo r the users 
of a tro lle y .
A sim ilar case arises with the use of the Ferley stretcher which, the recommendations 
sta te , should be capable of being f it te d  over the tro lle y . I t  w ill do so but i t  
cannot then be f it te d  into the ambulance.
They do recommend regular maintenance of stretcher tro lleys and the replacement of 
worn handles and caps, but this is not always carried out.
He has done some work on a new design fo r a stretcher tro lle y , p a rtic u la rly , in 
considering the use of a hydraulic l i f t  to replace the elevating mechanism, but was 
unable to find anything o f reasonable weight and cost.
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' 9 9 9 '  CASE STUDIES
1) Ambulance o fficers - Cheryl and Paul -  morning.
A call to attend a collapse case.
This was found to be an eighty year old gentleman suffering from severe pain in his 
ears and loss of balance, on heart tablets and probably unable to walk very fa r . He 
was liv in g  in what appeared to be a warden-controlled block of small bungalows and was 
s ittin g  in an arm chair in the liv ing  room.
On arriva l Cheryl was dropped o ff to go and attend to him while the ambulance found the
best place to park. Word was sent back to Paul, via the warden, fo r the equipment
that Cheryl needed, consisting of the stretcher chair and a blanket, which he then
took round.
The blanket was spread over the stretcher chair and the casualty l i f te d  from his arm 
chair into i t .  As there were no steps to negotiate the stretcher chair was easily  
wheeled out to the waiting ambulance into which i t  was l i f te d ,  with Cheryl a t the foot 
end. The tro lle y  was prepared with the backrest up and the casualty l i f te d  out of the 
stretcher chair onto i t  and the side bars put up. Travel in a s itt in g  position was 
necessary as the casualty complained of d iffic u lty  in breathing i f  lying down.
During the journey to the hospital where he had previously been treated, Cheryl rode 
with the casualty, s ittin g  on the side of the tro lle y  as she took notes on his 
condition.
Outside the Accident and Emergency department, the tro lle y  was released and o ff ­
loaded with Paul keeping the head end leve l. (He had to walk bent over to do th is ) .  
Once on the ground each o ffic e r took one end and, using the end lever, elevated the 
tro lle y  to about waist height and then wheeled i t  into the hospital.
The narrow corridors required some manoeuvring to get the tro lle y  into the casualty 
cubicle where a hospital tro lle y  was waiting. The tro lle y  heights were already 
reasonably matched so tha casualty was lif te d  across onto the hospital t ro lle y .
Trolley positions are shown overleaf.
The patient was signed in by Cheryl while Paul remade the tro lle y  bed and took i t  
back out to the ambulance s t i l l  at its  elevated height so that i t  could be pushed 
from its  top frame. The tro lley  was lowered from both ends then re-loaded and 
we returned to base.
Stretcher tro lle y  used was the 'Super 4' model with C.P.R. mattress.
Casualty build: medium height and weight.
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2) Ambulance officers -  Alan and Alan - afternoon.
Call to attend a diabetic, i l l  and vomitting.
This was found to be a young woman with two young children and a baby, liv in g  in a 
very small d irty  house. She had been found by her next door neighbour, outside on 
the pavement where she had been trying to a ttrac t help. She was suffering from 
confusion and slurred speech and becoming aggressive.
The ambulance was parked outside the house while Alan 2 went inside to attend to the 
casualty. Alan 1 followed to see what he needed and returned, taking into the house 
the stretcher chair and blanket. Again the casualty was in a downstairs room so only 
the door step required negotiating. The chair was l if te d  into the ambulance and the 
casualty l i f te d  out and onto the tro lle y . The backrest was adjusted up to make her 
comfortable and Alan 2 rode on the opposite stretcher where he could attend to her and 
make notes. He had to keep his foot on the lower bar of the casualty's tro lle y  as i t  
was very loose in the lock and moving about.
The casualty was again taken to the hospital where she had been a patient only two 
weeks before with the same problem.
At the hospital, the tro lle y  was off-loaded but Alan 2 preferred to stand up stra ight 
when carrying i t  down the steps so that there was a considerable head to foot t i l t  for 
a few minutes.
The tro lle y  was then elevated again from both ends using the end lever, to about waist 
height and pushed into the department by the top frame. This time there was less 
room in the cubicle as i t  contained two hospital tro lleys as shown below:-
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The casualty was l i f te d  across and the stretcher tro lle y  wheeled back out into the 
corridor where the bed was remade by Alan 1 before taking i t  back out to the 
ambulance. Lowering the tro lle y  was also done from the ends before loading i t  back 
into the ambulance.
The patient signed in by Alan 2, we returned to base.
Stretcher tro lle y  used was the 'York 4' model with standard mattress.
Casualty build: small build and lig h t weight.
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3) Ambulance o fficers -  Alan and Alan - afternoon, (about lOmins. a fte r  return from 
above case)
Call to attend a collapse case on the s treet.
This was found to be a young woman who had blacked out and fa llen  h ittin g  her head on 
the kerb. She had a cut on the back of her head and was s lig h tly  shocked.
Possibly an e p ilec tic .
The ambulance was able to pull up along side the pavement. At f i r s t  sight the 
casualty looked unconscious and Alan 2 jumped out to attend to her while Alan 1 parked 
the ambulance. She was lying on her side and had been covered with a blanket.
They decided to use the stretcher tro lle y , so this was unlocked and off-loaded onto 
the s treet. Two male bystanders were asked to help l i f t  the casualty onto the 
stretcher as she was rather large. Loading diagram shown below:-
The tro lle y  was then lif te d  into the ambulance using the telescoping handles. Once 
again i t  t i l te d  badly when Alan 2 walked up the steps facing forwards. The tro lle y  
was locked into position and Alan 2 again sat on the opposite side to keep the 
casualty's tro lley  steady.
During the journey he decided that the casualty would be better s ittin g  up s lig h tly  
so the backrest was raised with the casualty on i t .
She was again taken to the hospital where she had been a patient only the week before.
The stretcher tro lley  was off-loaded and elevated though this time the casualty was 
much heavier and the ambulancemen found i t  more d if f ic u lt .
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In the casualty cubicle i t  was decided to get the casualty to transfer herself across 
onto the hospital tro lle y . The tro lle y  height was adjusted up to match that of the 
hospital tro lle y  and then steadied by the two Alans while the casualty moved over. 
Layout is shown below:-
This time, while Alan 2 signed the casualty in , Alan 1 had to find a clean pillowcase 
as the casualty had been sick. The tro lle y  bed remade, i t  was taken out to the
ambulance, re-loaded and we returned to base.
Stretcher tro lley  used was the 'York 4' model with standard mattress.
Casualty build: fa ir ly  big build and quite heavy.
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GENERAL OBSERVATIONS
In a ll three cases the elevating fa c i l i t y  was used and operated from the ends by the 
end lever which seems to be the more d if f ic u lt  one to use. The tro lle y  was always o ff ­
loaded then elevated before being wheeled into the hospital and i t  was pushed/pulled 
from the top frame. The telescoping handles were used for carrying i t  into and out 
of the ambulance the towing handle did not appear to be used at a l l .
The side bars do not extend much above the mattress and when the casualty is  placed in
a semi-recumbent position there is no restra in t fo r the upper, heavier part of the 
body and the casualty tends to sway as the ambulance corners and could probably fa l l  
out. I t  does not look secure and in the last case the bars were d e fin ite ly  not big 
enough to have prevented the young woman from fa ll in g  out i f  the ambulance had swerved.
The side bars cause a dent in the lower bars where they rub when they are down. The 
lower bars also become damaged by being used as a foot rest. This was pointed out by
Mr. Tim Rowe who also said that castings were now being used with a stop that w ill
prevent th is .
When being l i f te d  the tro lle y  showed considerable flexing and there was some concern 
about the telescoping handles bending and possibly breaking.
One stretcher tro lle y  examined, (ambulance registered 1978), showed considerable wear 
at a l l  the moving parts. The l i f t  was badly worn and tended to t i l t  to one side 
( le f t )  when up. This was Cheryl's vehicle and the tro lle y  is used on the righ t so 
th is  could be due to her riding on the tro lle y  with the casualty.
The telescoping handles were very s t i f f  and the ends had been re -rive tted  on. The 
towing handle at the front had been removed and the one at the foot had worn badly as 
shown below:-
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The end lever for the elevating mechanism was bent and had been badly scored by the 
screw which operates the Fowler position. This screw was very s t i f f .
There was no observed wear to the wheel units though apparently this can occur.
Wear in this stretcher tro lle y  appeared to be general and a ll jo ints were loose.
An old model of the stretcher tro lle y  was seen where, when the backrest was raised, 
the end could be telescoped in to shorten the length. The problem with th is , how­
ever, was the wheels were nearer the centre and the tro lley  overbalanced when the end 
seats were used.
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SUMMARY
The main problems that seemed to concern the ambulance o fficers  at this station were
1) Getting a casualty out of a building, p articu la rly  from an upstairs room.
2) The handle ends coming o ff and the telescoping handles bending.
3) The towing handles getting in the way and becoming bent.
4) The backrest lever slipping and lack of room to use i t  in the ambulance.
5) General wear and lack of maintenance causing s t i f f  movements and making the 
tro lleys  d if f ic u lt  to operate.
There were no comments on the use of the 'Trendelenberg' position.
In the stretcher tro lleys  seen a ll the fa c i l i t ie s  provided, except the hyper­
extension, were very well used.
This v is i t  was extremely interesting and has provided very useful information.
Sara L. Cox 
21 December 1982.
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APPENDIX B1
Information from the diary of ambulance o ffic e r Alan 2.
AMBULANCE STATION B.
I t  is  the second largest service outside London and covers 416 square miles.
Approximately 464 emergency calls  are received and 3828 outpatients taken to 
hospital daily .
The population served is 2,718,100.
The total number of patients carried and miles travelled  for 1980.
Total number of patients carried 1,126,653
Including emergency cases 127,119
Urgent cases 42,420
Planned cases 867,738
Agency and other 89,089
Rail (to  and from station) 286
Total mileage 5,646, 627
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APPENDIX C
STATEMENT OF ADVANCED STUDIES UNDERTAKEN BY CANDIDATE DURING PERIOD OF RESEARCH
BSc.3 Lectures on Mechanism Design by G. Cockerham in the Mechanical &
Production Engineering Dept.
4 lectures of 3hrs duration at Sheffield City Polytechnic,
January, 1983.
Modular Preparatory Course in Health Studies Research, Level 2 -
Course Leader Dr. V. Reed, 
Personal tutor Mr. J. M itchell 
1 0 - 1  day sessions in the Department of Health Studies,
Sheffield City Polytechnic, 
April -  July 1983.
Modular Preparatory Course in Health Studies Research, Level 3
Course Leader Dr. N. Mai in , 
Personal tutor Mr. J. M itchell 
5 -  3hr sessions in the Department of Health Studies.
Sheffield City Polytechnic, 
October 1983 -  June 1984.
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